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PREFACE. 

^ The purpose of the following pages is to furnish 

(^ the Australian Emigrant with the information 

Q necessary to enable him to conduct with facility 

^ the operations which are necessary to the success- 

^ fnl prosecution of Gold-Mining. 

The search for Gold is commonly regarded as a 
species of lottery^ in which there are more blanks 
than prizes. It is^ however^ certain that much of 
its speculative character may be removed by an 
acquaintance with the various processes of Mining 
and Metallurgy. 

That Australia possesses vast advantages in the 
form of mineral wealthy there can be no reason to 
doubtj and we may be equally certain that the 
larger proportion of these riches will ultimately 
fall to the share of the intelligent and the indus- 
trious. 
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The Emigrant who makes himself acquainted 
with the conditions under which Gold occurs, and 
the operations by which it may be most readily 
obtained, will evidently find himself far in advance 
of the less intelligent adventurer, who trusts to 
accident alone for success. 

Habits of careful observation ought, on all occa- 
sions, to be assiduously cultivated, and then, should 
the harvest of the gold fields fail, a fund of in- 
formation wiU have been acquired which may be 
advantageously applied to other branches of in- 
dustry. 

J. A. P. 



8, Upper Stamford Street, 
August, 1852. 
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GOLD-MINING. 



SOUBCES OF GOLD. 

Gold is invariably found in the metallic state^ but 
is never quite pure, and usually contains a certain 
proportion of silver, and not unfirequently iron, 
copper, and small quantities of several other metals. 
The chief sources from which gold is obtained are 
the various alluvial deposits, consisting of sand and 
gravel produced by the disintegration of siliceous, 
granitic, and other igneous and metamorphic rocks, 
and which have been transported by the agency of 
water from districts where gold is more or less 
disseminated. 

In addition to the supply afforded by the washing 
of these deposits, a comparatively small quantity is 
obtained from the treatment of certain minerals, in 
which it occurs in the form of minute spangles, 

B 
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imbedded in a matrix of quartz^ which is itself 
found in the form of veins traversing various 
kinds of schistose or slate rocks. In these cases 
the quartz is generally more or less porous^ and 
almost invariably stained of a brown rusty colour, 
from the presence of peroxide of iron. The 
working of such veins is, however, seldom attended 
with such satisfactory results as are obtained from 
the alluvial washings ; not only from the circum- 
stance that the labour required is considerably 
greater, but also from such sands being continually 
enriched by the action of the currents of water to 
which they are exposed. In Brazil, the mines of 
Gongo Soco, and some others, have been, however, 
extensively worked in veins, but from the heavy 
expenses entailed by this method of extraction, 
and from the fact that the mineral obtamed is 
seldom much richer than the alluvial sands, these 
undertakings have been but rarely conducted on a 
very extensive scale. 

The gold mines of Russia and Siberia are 
situated on the eastern flank of the Ural mountains, 
in a belt extending through five or six degrees of 
latitude to the north and south of the town of 
Ekatharineburg. There is, likewise, a second 
deposit of a similar nature in the districts of Tomsk 
and Yeneseik, where low hills extend northward 
from the great chains of the Altai, over an extent 
of many thousands of square miles. 
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The gold mines of Brazil are, for the most part, 
situated at the foot of the great mountain chain 
which runs parallel with the coast, from the fifth 
to the thirtieth degree of south latitude. Gold 
also occurs, in greater or less quantities, in the beds 
of the streams forming the upper branches of the 
Francesco, Tocantins, Araguay, and Gaupore rivers, 
but more particularly in the first. The rock in 
these localities consists of primitive granite, in- 
clining to gneiss, and the soil, which, from being 
highly ferruginous, is of a red colour, often extends 
to a very considerable depth. The gold is chiefly 
found in a bed of gravel and rounded pebbles, 
called cascalko, immediately in contact with the 
surface of the solid rock. 

Wherever water is found in the valleys, large 
excavations are made, for the purpose of washing 
these deposits ; and, by conducting a rivulet to the 
declivities of many of the hills, gold is often col- 
lected from a short distance only beneath the 
roots of the grass. The most recent washings 
have been established in the vicinity of Villa 
Eica, near the village of Cocaes, where the gold 
occurs either mingled with the sands of the river, 
or in the alluvial deposits lying in valleys between 
elevated hiUs. Gold is also procured in the pro- 
vince of Minas Geraes, where it is extracted both 
by subterraneous excavations, and by the washing 
of alluvial deposits. 
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This metal is likewise found in many other 
parts of South America ; but the gold of Peru and 
Mexico is constantly associated with silver. The 
only auriferous veins worked in the latter country 
as gold mines^ are in Oaxaco, where they traverse 
formations of gneiss and mica*slate. 

The gold obtained from Africa is principally 
found between Darfnr and Abyssinia^ as also to the 
south of the great deserts from the mouth of the 
river Senegal to the Gape of Palms. A certain 
amount is also collected on the Mozambique coast, 
between latitudes 22° and 25^ south. Gold is 
likewise obtained in small quantities from the 
sands of the Niger, the Gambia, and the Senegal, 
as well as from the gold coast near the equator, 
from whence large quantities of this metal were 
formerly exported. 

The gold obtained from Europe, with the excep- 
tion of European Eussia, is very small in quantity. 
The most important of these deposits are in 
Transylvania, although the sands of the Moldau 
and other Bohemian rivers contain a certain 
amount of this metal. 

The valley of the Ehine, between Bale and 
Mannheim, is also known to be auriferous, although 
the gold occurs in quantities too small to admit of 
its profitable extraction. 

The mines of Spain, which were anciently rich, 
and actively carried on, are now neglected, as are 
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also those of the Tagus^ the Ehone^ and the 
Danube. The British islands also famish from 
time to time small quantities of gold^ although 
seldom in sui&cient amount to be equivalent to the 
cost of procuring it. The principal localities in 
which gold has been found in the United King* 
dom, are in Ireland and Wales, although speci- 
mens are occasionally obtained from the Cornish 
stream-works, and from the district of Lead-hills in 
Scotland, where, in the time of Elizabeth, exten- 
sive washings were carried on for this metal. 
Specimens of native gold have also, at diflferent 
periods, been procured from various parts of 
Devonshire, and mining operations have recently 
been undertaken for its extraction. It remains, 
however, to be proved, whether the amount ob- 
tained will ultimately be found to repay the outlay 
incurred for its production. Gold likewise occurs 
in Cumberland, in Lanarkshire, and at Glen 
Turret, in Perthshire. The quantities obtained 
from these localities are, however, extremely small ; 
and, notwithstanding that small accumulations and 
occasional lumps have sometimes been discovered, 
no workings of a regular kind, and on an exten- 
sive scale, have been attempted, except in Ireland. 
In that country, a considerable quantity of 
native gold was accidentally discovered towards the 
close of the last century, disseminated in the beds 
of the streams which flow from the northern flank 
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of Croglian Kinshela, on the confines of Wicklow 
and Wexford, and in the immediate vicinity of the 
granite and clay-slate. This gold was chiefly 
found in massive lumps, one of which weighed 
nine, another eighteen, and a third twenty-two 
ounces. Soon after the discovery of this gold, its 
extraction was undertaken by Government, but, 
during the two years the mines were in operation, 
only 945 ounces of gold were obtained ; and, as 
the expense of the production of this quantity ex- 
ceeded the value of the metal raised, the mines 
were ultimately abandoned, and have not since been 
resumed. 

In addition to the supply of gold obtained 
from the plains of Siberia, Asia has also contributed 
considerable quantities of this metal from the 
rivers of Syria, and other parts of Asia Minor, as 
well as from the peninsula of Hindostan, and the 
various islands in the Indian Ocean. 

The gold mines of the United States of America 
are chiefly situated along the eastern slope of the 
Appalachian chain, and extend from Maine to 
Alabama, from whence the deposits, although 
chiefly confined to the states of Virginia, North 
and South Carolina, and Georgia, extend into 
Canada. The gold region of California occupies 
the northern part of New California, commencing 
near the mouth of the Sacramento river, in lat. 39° 
North, and long. 122J° West, to the North-east of 
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the bay and town of San Francisco. The alluvial 
deposit in which the gold is found consists of 
sand, apparently produced by the disintegration of 
quartzosc, granitic, and porphyroid rocks. 

The valley of the Sacramento takes its origin in 
several parts of the Sierra Nevada, and in the. 
transverse rauge proceeding from the coast at Cape 
Mendocino. Many of these affluents, and par- 
ticularly that called the Eio de los Americanes, have 
proved especially productive. 

Professor Blake, who has minutely examined the. 
auriferous regions of California, gives the follow- 
ing description of some of their more remarkable 
geological peculiarities.* 

'^ With the exception of the diluvial strata, the 
whole geological formation of the Sierra range con-, 
sists of igneous and metamorphic rocks : the for- 
mer are mostly poxphyritic in the lower hills, whilst 
higher up trachytic rocks are more frequently met 
with. The metamorphic rocks consist of mica- 
ceous schists, slates both talcose and micaceous, 
metamorphic sandstones and limestones, with occa- 
sional beds of conglomerate. The stratified rocks 
have been much displaced ; it is rare to find them 
with a dip of less than 70°, and they are generally 
very nearly perpendicular. The strike of the beds 

* American Journal of Science and Art. 
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in that section to which my observations have beeu 
confined (between the Stanislans and Yuba Eivers) 
is extremely uniform, being from 5° to 10° W. of 
N. and E, of S. The extent of the diluvial deposits 
is commeQsurate, or nearly so, with that of the 
gold-bearing region, in that part of the country 
which I have examined. They are found in a belt 
of land from thirty to sixty miles broad, and run- 
ning parallel with the axis of the range; and, from 
facts that I have ascertained from others, I have no 
doubt but that they exist throughout all the gold- 
bearing region, both north and south. These 
diluvial deposits are met with as we advance towards 
the lower hills of the Sierra, extending frequently 
some miles into the plain. They are often of con- 
siderable thickness, and frequently rest on tertiary 
rock. On approaching the foot of the lower hills, 
the conglomerate and gravel are found in greater 
abundance, the pebbles and boulders are larger, 
and contain more of the heavier rocks. They are 
seen also covering extensive valleys or flats of many 
miles in extent, enclosed by low ridges of porphyry 
and slate, which rise rather higher than the surface 
of these beds. On ascending from the lower hills 
towards the mountains, the diluvial beds no longer 
occupy the same relative position : occasionally 
deposits of rounded stones can be found in the 
valleys and on the sides of the hills, but when this 
is the case their origin can always be traced to 
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deposits existing on the tops of the surrounding 
hills, from which they have been brought down by 
• the action of the causes now at work. As we 
ascend towards the axis of the chain, these deposits 
become more extensive, and at a distance of twenty 
or thirty miles from the lower hills, they are found 
occupying the crests of almost all the highest 
ridges in the country ; but besides being found on 
the crests of the ridges, where their extent fre- 
quently does not exceed a few yards in breadth, 
they are also met with covering in the extensive 
elevated flats which exist on the benches between 
the different watercourses, forming continuous beds 
of some miles in extent, which are rarely interrupted 
by the protrusion of any of the older rocks. Where 
found in these elevated situations, the lower hills 
and valleys are entirely free from them ; frequently 
a large section of the country will be enclosed from 
two high ridges capped by deposits, and diverging 
from a common point ; in the intervening space 
will be seen many secondary ridges, sometimes 
fifteen or eighteen hundred feet high, formed 
entirely of the older rocks, no traces of deposits 
being found on their surface, nor in the ravines 
that lead from them. 

'' The depth of these deposits is extremely 
variable. Sometimes nothing more than a trace of 
them in the presence of a few round pebbles lying 
on the top of a ridge is found ; the valleys and 
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ravines in the neighbourhood containing their dis- 
integrated elements in considerable quantities. In 
other instances, particularly where spread out over 
the elevated flats, they are of a moderate and pretty 
uniform thickness for a considerable distance, vary- 
ing from two or three feet to a few inches, and 
this, too, in positions where the surface could not 
have been exposed to any great amount of denu- 
dation. They are again found many hundred feet 
in thickness, composed of superimposed strata of 
different mineralogical constitution, generally hori- 
zontal and conformable with each other. 

" The localities where these deposits are met 
with most extensively disclosed, and that have 
been worked, are at Nevada and at Mokelumne- 
hill. At the former place they form the crest of a 
high mountain called the Sugar Loaf, full 2,000 
feet above the level of Deer Creek, the upper 600 
feet being formed entirely of diluvial strata. At 
Mokelumne-hill they are also some 200 feet deep, 
forming here also the summit of a high and iso- 
lated mountain. The elements of which they are 
composed differ considerably in different localities, 
although there are through the whole series many 
points of resemblance. In the lower valleys and 
flats, between the ranges of the lower hills, they 
appear to consist of beds of gravel, containing oc- 
casional boulders of quartz, and the harder rocks. 
On the elevated flats higher up in the mountains. 
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the surface of these deposits is generally covered by 
a reddish loam^ mixed with small gravel ; whilst 
reposing on the bed rock, and a few inches above 
it^ is found a stratum containing large boulders and 
gravel, the boulders being principally quartz. On 
the top of the hills and the crests of the ridges, 
where they generally attain their greatest thickness, 
we find them composed of many distinct strata 
lying nearly horizontal, and conformable with each 
other, and generally also with the surface of the 
underlying rock. In these situations, the most 
superficial stratum is composed of a mass of ex- 
tremely hard conglomerate, containing principally 
trachytic rocks, imbedded in a hard argillaceous 
cement. It is this hard stratum that has un- 
doubtedly preserved the underlying beds from the 
destructive influences which have so powerfully 
acted on the surrounding rocks. 

At other points the whole series consists of con- 
glomerates and soft friable sandstone. In the lower 
strata, quartzose conglomerates, with an argillaceous 
cement, or loose quartzose gravel, always prevails, 
with large boulders of quartz, weighing frequently 
two or three tons, having their surface woni smooth 
and the angles rounded. The deposits of these 
heavier rocks have been formed on spots which 
were evidently lower than the level of the sur- 
rounding rocks ; whilst on those parts which were 
higher at the time the deposits were formed, the 
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liigher trachytic rocks are found. As far as my 
researches have extended, the more qaartzose con- 
glomerates have been invariably found on the 
erupted rocks, whilst the stratified rocks which they 
had upheaved were only covered by the trachytic 
conglomerates. The pebbles of which these con- 
glomerates are composed present specimens of all 
the harder rocks. Metamorphic sandstones, clink- 
stone, trap porphyries, and quartz, make up the 
larger part of the mass. They are all perfectly 
rounded, but in the lower deposits are so soft, 
that, with the exception of the trap and quartz, 
they generally fall to pieces on exposure to the 
air. The strata, as before observed, are nearly 
horizontal and conformable : if they have any dip, 
it appears to have been owing to the slope of the 
surface of the rock on which they were deposited ; 
in fact, no displacement seems to have taken place 
in this country since the period of their formation. 
They lie perfectly horizontal over the almost ver- 
tical edges of the upheaved slate rocks. 

" Pieces of half-carbonised wood and impressions 
of leaves are sometimes found in the clayey beds 
of these deposits ; and at Nevada, it is said that the 
trunk of a tree had been traced for some distance 
in the clay, at about forty feet below the surface. 
I have obtained specimens of wood, and also im- 
perfect impressions of leaves, taken out four or five 
hundred feet below the surface of the ground, and 
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three hundred and fifty feet from the side of the 
hill at the same locality. The wood belongs to one 
of the Coniferse^ but I was unable to determine the 
character of the leaves. A tooth also has been 
found in some of these deposits. I have not seen 
it^ but from description it would appear to be a 
bicuspid belonging to some large Pachyderm. The 
surface of the rock on which they repose generally 
presents evidence of considerable abrasion^ but I 
have been unable to detect any regular grooves in 
it. Where it is more elevated it has been less 
worn^ some of the edges of the slates being not 

much broken. 

* 

'' As regards the mineral riches of these deposits, 
it would appear that gold is found wherever they 
exist. The ravines coming from the ridges on 
which they are found are generally extremely rich, 
and always contain gold, even in places where the 
deposits themselves have been worked without 
success. In some places where they have been 
worked, as much as thirty thousand dollars have 
been taken from a claim of fifteen feet square ; and 
there are many instances where ten and fifteen 
thousand dollars have been taken from claims of 
the same size. But few of these rich spots have, 
up to the present time, been opened, yet there can 
be no doubt but that many stiU remain to be dis- 
covered. Where these deposits are found extend- 
ing over a large surface on the elevated flats, gold 
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is always met with, generally diffused through the 
gravel immediately above the rock on which they 
rest, which yields from fifteen to forty cents to the 
100 lbs. of dirt. There are spots where acres of 
these deposits have been turned up, in which the 
gravel never contains less than fifteen cents to the 
100 lbs., and generally more. In the valleys in 
the lower hills, and even on the plains to the west 
of them, where they are extended over vast tracts 
of country, these deposits are still auriferous, the 
gold being very generally diffused, and found in 
greater quantities the deeper they are worked. At 
present they will not pay for working, owing to the 
distance from water, and from the high rate of 
wages. In one place, where water could be 
readily obtained, a portion of these deposits, 
situated to the west of the lower hills, has been 
worked, and has been found to yield from five to 
thirty cents to 100 lbs. of earth, through an extent 
of 150 acres, the soil being found richer the deeper 
it is worked.'^ 

The first official notification of the discovery of 
gold in our Austrahan colonies is contained in a 
despatch from Governor Fitzroy to Earl Grey, and 
bears date May 22nd, 1851. In this it is an- 
nounced that a gold field had been discovered 
westward from the town of Bathurst, and at a 
distance of about 150 miles from Sydney; his 
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Excellency at the same time states his suspicions 
that the specimens sent for inspection might be 
the produce of California^ and that both the nature 
and value of the discovery had been much exagge- 
rated. These accounts were however deemed of 
sufficient importance to warrant the stationing of a 
strong police force in the road leading from 
Bathurst to the capital. 

On the 19th of May, Mr. Stutchbury, the geo- 
logical surveyor, writes from Summer Hill Creek, 
that gold had been obtained in considerable quan- 
tity in that locality, and that, with no better wash- 
ing apparatus than an ordinary tin basin, from one 
to two ounces per day were readily obtained by 
each washer. ' He also adds that 400 persons were 
busily at work at the time of his visit, and that 
the gold was not only found in the creek itself, 
but also at various points far above the line of its 
flood, so as to leave no doubt of its general exist- 
ence over a considerable tract of country. This 
camp of the gold finders was called the City of 
Ophir, and to it flocked vast numbers, eager to 
obtain their share of its golden treasures. 

The existence of gold among the various moun- 
tain chains of New South Wales had not only been 
predicted by Sir Eoderick Murchison as early as the 
year 1848, but had also been insisted on by Mr. 
Clarke, a native geologist, who expressed his con- 
viction that the Blue Mountains would at some 
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time prove to be auriferous. These views were to 
a certain extent confirmed by the circumstance of a 
shepherd having long been in the habit of bringing 
into Sydney, for sale, fragments of native gold, but 
refused to state from whence he had obtained 
them. 

About two years before the actual discovery of 
gold in the colony, a Mr. Smith, who was engaged 
in some iron works in the vicinity of Berrima, pro- 
duced to the Colonial Secretary a lump of gold 
imbedded in quartz^ which he said he had picked 
up in a place which he offered to make known to 
the Government on being previously rewarded for 
the intelligence by the payment of a considerable 
sum. The reply to this offer was, that no blind 
bargain upon such a subject could be entered 
into, but that if Mr. Smith thought proper to 
trust to the liberality of the Government h* might 
rely on being rewarded in proportion to the value 
of the alleged discovery, when that had been 
ascertained. 

To the conditions of this proposal Mr. Smith 
refused to accede, and here, for a considerable time, 
the matter rested, as, apart from the suspicion en- 
tertained by the governor that the piece of gold 
produced by Mr. Smith might have come from 
Califomia, or some other foreign locality, he was 
of opinion that any investigation instituted by the 
Government with a view of ascertaining whether 
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gold did in reality exist to any amount in that part 
of the colony, which, from its geological formation, 
might be supposed to afford it, would be liable to 
agitate the public mind to such an extent as to 
divert the attention of the colonists from their 
proper and more certain avocations. 

On the 3rd of April, 1851, Mr. Hargraves, who 
had recently returned from Califomia, addressed a 
letter to the Colonial Secretary, to the effect that, 
having occupied himself for two months in explor- 
ing a considerable extent of country, in which, from 
his experience in California, he was led to believe 
gold was to be found, he had prosecuted his spe- 
culation to a successful issue, and offered to point 
out to the Oi&cers of Government the localities in 
which he had discovered gold, on condition that he 
should receive the sum of five hundred pounds as 
a compensation. To this proposal a reply was re- 
turned similar to that given on a former occasion to 
Mr. Smith, and on the 30th of April Mr. Hargraves 
addressed a second letter to the Colonial Secretary, 
expressing his willingness to leave the remunera- 
tion of his discovery to the liberal consideration 
of the Government, and naming the localities from 
which he had obtained specimens of gold. 

On the 8th of May the discovery became gene- 
rally known, as some persons, who had been em- 
ployed under the directions of Mr. Hargraves at 
Summer Hill Creek, one of the localities name^by 

c 
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him as auriferous^ had obtained several ounces of 
gold ; and on May the 13th^ very great excitement 
prevailed from a report that a solid piece of gold^ 
weighing ISoz.^ had been obtained. This^ on 
inquiry^ proved to be correct^ and hundreds imme- 
diately started for the diggings. 

The Government now issued a proclamation de- 
claring that all persons diggmg for gold without a 
license would be proceeded against ; and regula- 
tions were issued authorising the Crown Commis- 
sioners to grant such licenses for a fee of £1. 10s. 
per month. The Commissioners were also furnished 
with a force of ten men, for the purpose of collect- 
ing these fees, and for the maintenance of order; 
strong detachments of police being at the same 
time posted along the principal roads leading to the 
gold fields. Mr. Hargraves, and the Grovemment 
geological surveyor, Mr. Stutchbury, with whom 
Mr. Clarke was afterwards associated, were now 
ordered to make an immediate survey of the various 
locaUties in which it was thought that gold would 
be found. 

As might be expected, the excitement spread 
rapidly, and large numbers of persons left their em- 
ployments and flocked to the spot. On the 19th 
of May 400 persons were reported to be occupied 
at the diggings on Summer Hill Creek. On the 
29th, 1000, and on the 5th of June 1500, were 
stated to be thus employed. About the 14th of 
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June a fresh enterprise was opened on the Turon 
Eiver, one of the localities first pointed out by Mr. 
Hargraves^ and afterwards more specifically indi- 
cated by Mr. Stutchbury. This at once carried off 
a large number of those previously employed at 
Summer Hill Greeks or Ophir as that locality is 
now called^ since early in July it was stated as 
probable that at this place the number of diggers 
for the month would not exceed 400, while at 
Turon it would be considerably above 1000. In 
December the number of diggers on the Turon 
amounted to 6000; and since that time gold 
fields have been discovered in various places, of 
which the following are the most productive i — 
Muckewa Creek, Louisa Creek, and Meroo 
Creek in the County of Wellington, Frederick's 
Valley, Campbell's Eiver, and Winburndale Creek 
in the County of Bathurst, Abercrombie Eiver in 
the County of Georgiana, and Ajaluen Eiver, and 
its various tributaries in the County of St. Vincent's. 
Of these the principal appears to be the Araluen 
and its tributary creeks, where the yield is larger 
than on the Turon, and the auriferous deposit 
spreads over a great extent of surface, as the valley 
is in this place three quarters of a mile in breadth. 
In the course of a few days 1200 licenses were 
granted for this locality. 

Mr. Commissioner Hardy, in speaking of the 
geological nature and physical conformation of the 
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Toron and Summer Hill Greek districts^ remarks 
that thej differ considerably in both particulars. 
Summer Hill Greek is narrow^ and confined between 
high ranges^ with so great a fall as to give rise to 
a rapid current of water during or immediately 
after the fall of heavy rains. The bed of the 
stream is extremely broken and narrow, and lies 
between hills of mica slate, intersected in every 
direction by broad and well-defined veins of white 
quartz. The Turon, on the other hand, runs 
through a valley of some miles in width, bounded 
by mountains at least twice the height of those at 
Summer Hill. These consist of mica slate, con- 
taining but little mica, and are entirely without the 
quartz vems referred to as occurring in the other 
locality. As might be anticipated from the width 
of the valley, the bed of the Turon is broad, level, 
and less tortuous than that of the Summer Hill 
Creek, and presents but few of the abrupt elbows 
so frequent in the former locality. This physical 
conformation of the country is found to have an 
intimate relation with the state of division in which 
the gold is found in the two places. In Summer 
Hill Greek the metal is invariably large in the 
grain, and often massive; whilst at Turon the 
gold procured is thin and scaly. Again, the Sum- 
mer Hill Greek has its straight, barren reaches, 
and its profitable bends; whereas, in the whole 
course of the Turon, the production of gold is 
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said to be ''as regular as wheat in a sown field/' 
Mr. Stutchbuiy^ the Gbyemment geologist, after 
a survey of those portions of the district which com- 
prise Lewis's Ponds^ Frederick's Valley Creek, the 
lower portion of Summer Hill Creek, and several 
of its tributaries as far west as Curringurrac Creek, 
together with the Tnron and several unnamed loca- 
lities in the same district, reports as follows : — 

^' The trend of all the waterways is into the river 
Macquarie, and the general run of the latter river 
is in thedirectioD of the strike of the strata— viz., 
from east of south to west of north ; its deviations 
from this course being consequent upon the hard 
character of many of the rocks, especially those of 
igneous origin, such as the granites, syenites, por- 
phyries, basalts, &c. The whole area may be con- 
sidered as schistose, principally clay-slate, accom- 
panied by nearly all the other varieties of slate rocks, 
in many cases greatly disturbed by the intruded 
rocks above mentioned, of subsequent igneous for- 
mation ; also by a large amount of quartzites in 
veins or lodes parallel to the strike of the schist. 
The quartz is amorphous, very rarely crystaUised; 
and in the neighbourhood of the gold-yielding lo- 
calities it is accompanied by titaniferous iron, both 
crystallised and in loose grains. 

''That the matrix of the gold is quartz in this 
district there cannot be any doubt, so many in- 
stances have occurred in which the Quartz still 
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remains attached^ and interlaced by the gold^ as 
also the iron. It is a fact worth recordings that no 
washings have yielded gold without the iron sand 
(incorrectty termed emery) accompanying it. 

" Gold in small quantities has been found on the 
summits and upon the flanks of the mountain 
ranges ; but, with few exceptions, it bears evidence 
of abrasion. The largest produce in every instance 
has been found in the lower levels. Assuming that 
the auriferous deposits originated in the quartz 
rock, there is no difficulty in accounting for its 
presence most abundantly in the various gullies and 
creeks so numerous in this remarkably broken 
country. The schistose rocks, so readily acted upon 
by the atmosphere constantly disintegrating and 
exposing the quartzose dikes, leaves them unsup- 
ported, and, gravitating downwards, the laj^st 
blocks are crushed and crumbled in their onward 
course, letting loose the tenacious gold in large or 
small portions, which, in obedience to their gravity 
and the force of the impelling torrents, roll on 
until they are arrested for a time in JioUows, or the 
cleavage fissures of the slaty rocks, or quietly de- 
posited in the sand or mud, as the case may be, by 
the cessation of the flood, until they are again re- 
moved by the repetition of similar causes ; or they 
may remain for ages undisturbed by the torrents 
taking another course, of which there are so many 
instances, leaving ancient bars of shingle debris now 
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covered by accumulated soil. It therefore follows 
that gold, even if it be of the earliest geological 
origin, may and will be accumulatmg in the lower 
valleys, as long as mountains waste, and valleys exist 
for its reception/' 

In another paragraph the same gentleman re- 
marks— « That quartz is the principal matrix of 
gold is wel] known to all collectors of minerals ; 
there is scarcely a cabinet without an example; and 
nearly all the mines properly so called (not washings 
in alluvial drifts), have been in quartz lodes from 
the time of the Bomans, who worked it in Tran- 
sylvania and in Wales, at the Ogofan in Gaermarthen- 
shire, during their occupation under Trajan, to the 
present time; but it has also been found in its 
original position in nests and veins, usually of small 
extent in granite (as at North Tawton, Devon, 
and St. Just, in Cornwall), syenite, greenstone, 
porphyry, trachyte, the crystalline schists, and 
transition strata, all largely developed in this por- 
tioa of the colony/' 

Mr. Stutchbury further remarks that he has not 
yet seen gold in its unmoved original matrix, except 
in the case of some found far above the present 
water level, on land, near Summer Hill, belonging 
to W. Wentworth, Esq. The gold found in this 
locality was much mixed with angular fragments of 
quartz, accompanied by an ochreous loam and 
minute crystals of titaniferous iron. 
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By the process of " prospecting/^ that is, wash- 
ing small quantities of earth in a tin dish, he sub- 
sequently established the presence of gold in the 
following localities : — 

Lewis's Pond, to its junction with the Prederick^s 
Valley and Summer Hill Creeks. 

On the Bange between Frederick's Valley and 
Gosling's Creek (Mr. Wentworth's land.) 

Along the whole line of Frederick's Valley 
Creek. 

Emu Swamp Creek. 

Summer Hill Creek down to Belarida. 

Oaky Creek, west of Summer Hill Creek, and 
fedling into the Macquarie. 

Macquarie Biver from the junction of several 
small creeks west of Bosh's Creek, to KiUinbutta, 
especially at WallgumbuUa. 

Macquarie Biver, at the junction of several small 
Creeks west of Bosh's Creek. 

Junction of the Turon Biver. 

Neele. 

Stony Creek. 

Wallenbutta. 

Turon Biver on the various "bars," from its 
junction with the Macquarie to Choenarang 
Creek. 

Callallia Creek. 

With few exceptions, the hills to the west of the 
principal gold diggings are capped with basalt; 



AUSIBALU. 25 

and at Bruno, a cattle station oa a creek leading 
from Frederick's V^ey Oeek, there is a waterfall, 
exhibiting a good example of columnar basalt, snp. 
porting an homogeneons mass of the same rock. 
{See fig. 1.) 



It is also observed that the trappean rocks, snch 
as basalt and porphyry, have in many places been 
forced to the snrfaccj thns projecting throngh the 
achistose rocks, and by degradation giving uri^ to 
moat of the lonnd-topped hills. Many of these 
contain frequent lodes or veins of iron-flint in 
many cases, assuming the character of jasper or 
passing into semi-opal. 
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On the land belonging to W. Wentworth, Esq., 
near a large mass of quartz rock, specimens of gold 
have been found, mixed with fragmentary quartz, 
in an ochreous earth containing titaniferous iron. 
This gold did not appear to have been in the 
slightest degree water-worn, and was evidently 
derived from the adjacent quartz. 

On the western flanks of the Summer Hill 
Creek, as far down as the Belarida pass, rocks of 
the same schistose character occur; and at a dis- 
tance of about a mile above the place of crossing, 
they assume a very contorted appearance. At the 
western extremity of the Belarida range, and to the 
north of Mount Mogo, a very interesting conglo- 
merate of sand and quartz pebbles occurs ; this is 
cemented together by a ferruginous clay, and much 
resembles the cascalho or diamond gangue of the 
Brazfls. 

From this point basalts and schists extend in an 
easterly direction as far as Wallgumbulla, on the 
Macquarie Biver; from thence to the junction of 
the river Turon, schists and quartzites, intersected 
by occasional large dykes of porphyry, again pre- 
vail. Near the north-west angle of the junction 
of these two rivers a great abundance of transparent 
quartz, or rock crystal, may be obtained. At about 
midway between the points of junction of the Win- 
bumdale Greek with the Macquarie and Yorke/s 
Comer, now called Ophir, a large range of granite 
of about two miles in width is found running in a 
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direction nesrly north and soath. Many large 
boulders of this granite are loosel; scattered on the 
sur&ce of the ground. 

These blodts appear to derive their origin in the 
waj represented in Fig. 2. 



On the dividing range about four miles south 
of Callallia Creek, is observed the first evidence 
of the existence of a gneiss, composed of compact 
feldspar, translucent qnertz, and black mica ; this 
is followed by various porphyries, more or less 
stratified, and by siliceous slat«8. On reaching 
the lower road to Wellington the quarts becomes 
so predominant, and appears in such angular 
fragments, as to give the idea of having been 
collected for the purpose of repairing the roads. 
The Callallia Creek, and as far as Sammy's fiat, 
consists of more or less altered clay-slate, frequently 
prodocing jasperoid rocks. 
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A short time after the annoancement of the ex- 
istence of gold in the colony of New South Wales 
Proper, a still more amazing discovery was made in 
Victoria. In a despatch dated 25th of Aogost, 
1851, Lieatenant-Govemor Latrobe oommnnicated 
to Earl Grey that large auriferous deposits had been 
found in that colony. The three localities first 
named were Clune's Divings, about forty miles 
from Melbourne, where the gold was found in an 
alluvial deposit, chiefly consisting of quartz gravel ; 
at Boninyong, oj Ballarat, situated on the river 
Leigh, about seventy-five miles from Melbourne, 
and forty-five from Geelong, where the gold was 
sometimes imbedded in compact quartz; and at 
Deep Creek, only nineteen miles firom the capital, 
where the precious metal was found to exist in 
connection with slate rock. At fiallarat, from 
whence the greatest quantity of gold was obtained, 
the met>al is found in lumps of various sizes — some- 
times in the superficial soil, but more generally 
scattered through three or four successive strata^ 
principally composed of clay and gravel, and occu- 
pying from 10 to 30 feet in depth. The richest 
deposits are, however, found in certain small beds 
of blue clay, four or five inches in thickness^ and 
lying almost immediately above a stratum of pipe- 
day, in and below which no gold has been found. In 
addition to the above localities gold was also found 
near Geelong; at Mount Disappomtment; in the 
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Pyrenees; and finally the people of Melbonme 
began to break up the streets, which were mac- 
adamized with quartz pebbles obtained from the 
gold districts. By this time Melbourne and Oee- 
long were almost emptied of their male inhabitants. 
The shopmen and day-labourers were the first to 
leave, and the superior class of farmers and trades- 
men speedily followed, partly from sharing the same 
mania, and partly because, after losing their subor- 
dinates, they could do nothing else. In some 
cases they placed themselves at the head of digging 
parties, consisting of their dependents; and in 
others worked singly and with their own hands. 
At this time the public excitement became so great 
that it was found impossible to retain the services 
of the government emphyis without an addition 
to their salaries of first 25, and subsequently 50 
per cent. In about a month after this a fresh gold 
field was discovered in the range of Mount Alex- 
ander, on the east of the Lodden Biver, and about 
seventy miles north-west of Melbourne, which 
shortly surpassed in richness not only the Ballarat 
diggings, but all others which had been previously 
discovered. 

The whole structure of Australian society now 
became completely disorganised. The number of 
diggers at Ballarat, which had previously risen to 
6,000, were quickly reduced to about 1,600, whilst 
the number at Mount Alexander soon amounted 
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to 20^000. Erom this time gold began to be col- 
lected from all the various streams flowing from the 
Mount Alexander range^ on the Goulbum Biver^ 
and throughout the whole of the Omee country, by 
which the supply was so far increased that gold 
soon arrived at the sea-ports at the rate of two tons 
per week. At the present moment many other 
localities have been discovered, and up to the re- 
ceipts of the latest intelligence the supply of the 
precious metal was rapidly on the increase. 



MINERALOGICAL AND CHEMICAL 
CHARACTERS OF GOLD. 

Native gold in most cases presents the charac- 
teristic yellow colour peculiar to this body when in 
a state of purity ; but its natural surfaces in other 
instances require to be rubbed with some hard sub- 
stance before they assume the ordinary appearance 
of manufactured gold. Gold is not so hard as iron^ 
copper, or silver, but is harder than either lead or 
tin. It IS extremely tough or tenacious, but when 
broken by repeated bendings it presents a fibrous 
silk-like structure, which is more or less fine in ac- 
cordance with the purity of the specimen. Native 
gold occurs crystallised, in branches, in filaments 
and plates, traversing the fissures in various kinds 
of rocks in desseminated grains, and in pepitas, or 
^^nuggets,*' mixed with, and forming part of va- 
rious alluvial deposits. In the two latter forms by 
far the largest portion of this metal is obtained; 
but as these sands are themselves produced by the 
destruction of auriferous rocks, the gold which they 
contain must be regarded as the debris resulting 
from the disintegration or grinding of the matrix in 
which it was originally enclosed. Crystals of gold 
seldom occur in an isolated form ; but when found 
should invariably be preserved as cabinet speci- 
mens, for which purpose their value is much 
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greater than that which they are intrinsically worth 
for the gold they contain. The faces of these crys- 
tals are generally duU^ and in most instances 
slightly rounded, even in specimens obtained di- 
rectly from veins, and which, consequently, cannot 
have been exposed to attrition. 

In the Gongo Soco mines, in Brazil, an alloy of 
gold and palladium, of a pale yellow colour, is 
sometimes found ; and in some parts of Columbia 
a somewhat similar mixture is procured, in which 
the palladium is replaced by another rare metal, 
called rhodiam. 

The composition of various specimens of Native 
Gt)ld, as obtained from different localities, is given 
in the following table : — 



Experimenters 



GI-. Bose. 



Boussingault. 



D'Aroet. 

T. H. Henry. 
Nonie. 



Locality 



IFrom the mine') 
of Beresof . j 
From the mine'^ 
of Sinarowski, > 
Altai . . .) 
(From the mine') 
of Santa-Bosaj 
From Transyl- > 
vania . . .) 
6K>ld from Ojas- S 
Anchas . . j 
^ „ Bio-Socio 
J „ Senegal 
C ), Brazil . 
iAnamaboc, Africa 



Gold 



Silver 



J » n 

I Bathurst, Aub- 



^ tralia 



;} 



t» 



»> 



93-78 

60-08 

64-93 
64*52 

84-50 

87-94 
84-97 
9400 
9806 
88-26 

96-68 

91-16 



6-94 



Ckypper 



008 



Iron 



38*38 0-33 

36.07 
36-48 

16-60 

12*06 
10-63 

6*86 

1*39 
11-17 010 

3.92 

8*28 



0-16 
0*36 

0-16 

0-67 
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^ Gold is so extremely malleable, that one 

grain of it may be beaten ont into a leaf having a 
surface of fifty-six square inches, and of which the 
thickness is only one two-hundred-thousandth of 
an inch. When reduced to very thin leaves, 
gold is to a certain degree transparent ; and on 
being held against the light appears of a. beautiful 
green colour. According to Daniell, ibis metal 
melts at a temperature corresponding to 2016° 
Fahr. ; and when still more intensely heated, affords 
perceptible metallic fumes. A globule of gold, 
exposed between two charcoal points to the action 
of a powerful galvanic battery, gives off abundant 
metallic vapours, by the escape of which its weight 
is rapidly diminished. When precipitated from its 
solutions, gold assumes a dark brown colour, but on 
being rubbed with a piece of polished steel, or other 
hard body, it readily assumes its ordinary yellow 
colour and metallic aspect. Pure gold may be ex- 
posed for an indefinite length of time to the action 
of air and moisture, without becoming in the least 
degree tarnished ; nor is it oxidised by being kept 
in a melted state in an open crucible. Neither 
sulphuric acid (oil of vitriol), hydrochloric acid 
(spirits of salts), nor nitric acid (aquafortis), attacks 
gold, even when in a finely divided state ; but by 
aqua regia, which is a mixture of nitric and hydro- 
chloric acids, it is readily attacked and dissolved in 
the form of qhloride. Gold may also be dissolved 
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by hydrochloric acid, to which has been added some 
substance capable of liberating chlorine: among 
these may be mentioned chromic acid and peroxide 
of manganese. 

Gold is not directly attacked by sulphur at any 
temperature; but when fused with the alkaline 
sulphides, it is readily acted on, with the formation 
of a double sulphide of gold and the alkaline 
metal employed. 

The examination of an. auriferous rock for gold 
is an extremely simple operation. It is first 
pounded very fine and sifted ; a certain quantity of 
the sand thus obtained is washed in a shallow 
wooden or tin pan, and as the gold sinks the lighter 
portions of the substance are allowed to float oif 
into some other receptacle. The largest part of the 
gold is thus left in the angles of the pan, and by a 
repetition of the process a further portion is ob- 
tained. When the bulk of sand is thus re- 
duced to a manageable quantity, the gold may be 
amalgamated with clean mercury, and the amalgam 
obtained finally heated in an iron retort, by which 
the mercury is expelled, whilst the gold remains in 
the vessel. By successive trials in this way the 
proportion of gold contained in a specimen of rock 
or alluvial gravel may be ascertained with consider- 
able exactness. This afiinity of mercury for gold 
is largely employed in the treatment of auriferous 
substances. The various processes by which these 
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results are obtained on a large scale will be 
described in a future chapter. When gold is asso- 
ciated with other metals, such as copper or lead, the 
true proportion in which it exists can only be ascer- 
tained by means of an assay. 

From the great weight and flexibility of gold, as 
well as from its colour, it might be thought impos- 
sible to confound it with any other substance ; yet 
experience has proved, that various other natural 
productions are sometimes mistaken for it. The 
substances which most frequently lead to these mis- 
takes are iron pyrites, copper pyrites, and yellow 
mica ; but in every case a very superficial exami- 
nation only is required in order to detect the true 
nature of the mineral under consideration. Iron 
pyrites, which is certainly more frequently than any 
other substance mistaken for gold, occurs in small 
cubical crystals, in veins disseminated in various 
slate rocks and in the coal fields : it is also abundantly 
found in globular concretions, or kidney-shaped 
masses, imbedded in indurated clay and chalk. This 
substance also accompanies the ores of all the other 
metals, and extends from the oldest formations up 
to the newest alluvial deposits. Iron pyrites is, 
however, readily distinguished from gold, since in- 
stead of flattening like that metal under the ham- 
mer, it is extremely brittle, and therefore readily 
broken. In the second place, its weight, or rather 
its specific gravity, is only about one-fourth that of 



36 MINERALOGICAL AND CHEMICAL 

gold ; and lastly, when heated with nitric acid, it 
is dissolved with evolution of copious red fumes, 
whilst gold when thus treated is in no way affected- 
It is a remarkable fact, that this mineral, which 
is so frequently mistaken for gold, often contains 
minute traces of that metal, although it seldom 
occurs in suiRcient amount to render its extraction 
a remunerative operation. 

Copper pyrites, the second mineral which is fre- 
quently mistaken for gold, has a strong metallic 
lustre and deep brass-yellow colour. This mineral 
is formed in lodes or veins, which usually occur 
either in granite, grauwacke, or clay-slate, although 
it is sometimes met with in serpentine, gneiss, and 
some other rocks. It is most commonly associated 
in these deposits with iron pyrites, blende, and 
galena, together with the carbonates, phosphates, 
and other ores of copper. When heated on a piece of 
charcoal before the blowpipe, this mineral readily 
fuses into a dull black globule, which, from the 
presence of iron, is magnetic. If mixed with car- 
bonate of soda and a little borax, it yields, when 
similarly treated, a button of metallic copper. In 
order to ensure success, however, this operation 
requires a little skill on the part of the operator ; 
and consequently the non-production of a button 
of copper should not be regarded by the inexpe- 
rienced assayer as a proof of its absence in the 
mineral examined. An easier and far more 
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satisfactory experiment, to determine the presence 
of copper in an ore of that metal, is the follow- 
ing : — Pulverize the ore either in an iron mortar, 
or, if that be not at hand, with a heavy hammer ; 
the powder thus obtained is dissolved in nitric 
acid, and the solution evaporated nearly to dryness 
in a saucer or some other shallow vessel; water 
is added, and afterwards ammonia (spirits of 
hartshorn) in excess; if the liquor now assumes 
a blue colour, it is a proof of the presence of copper 
in the mineral examined. If copper be present in 
appreciable quantity, a knife, or any other bright 
steel object, will immediately become coated with it 
if immersed in the dilute nitric acid solution. 

Mica is one of the constituents of gneiss granite, 
and mica slate, and gives to the former its lamellar 
structure: the specific gravity of this substance 
never exceeds 3'00 ; and this circumstance, toge- 
ther with its foliated structure, is quite sufficient to 
distinguish it from gold, which in colour it to a 
certain extent resembles. 



METHOD OF EXAMINING AUEIEEROUS 

DEPOSITS. 

When a country is suspected to contain gold, 
the pointiS to be most carefully examined are the 
sands of the rivers and streams flowing through it, 
as well as the particles of disintegrated rock which 
often accumulate in the eddies of ravines formed 
I on the sides of hills by the action of water during 
great floods. The sections of rock thus laid bare 
are also to be examined, with a view to the dis- 
covery of veins of auriferous quartz, from which 
specimens must be broken, and afterwards carefully 
assayed. In examining the sands brought down by 
rivers, such portions should be selected for experi- 
ment as have, from local causes, been subjected to 
the action of rapid currents and eddies ; since, from 
the great density of the metal sought, it invariably 
accumulates in those situations. It is usually 
found, and particularly in the Australian gold 
fields, that if a river or creek produces fine scaly 
gold in those parts of its course which lie through 
a flat, open country, it will, if followed into the 
mountainous districts in the direction of its source, 
become more productive, and yield gold in the form 
of '' nuggets'' and less finely-divided grains. The 
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most productive localities hitherto found have been ; 
the bends or carves of rivers, and in these places | 
the conformation of the banks on the convex and 
concave sides of the stream are found to be 
materially different. On the convex aide, the 
banks in these cases consist of long slopes, oppo- 
site to which are nearly perpendicular bluffs. 
These slopes appear to have been formed by the 
reverberation of the stream from the opposite 
perpendicular cliff, and on all such slopes the 
gold is found to be much more plentiful than on 
the banks of the same river, where the water flows 
through a straight and uninterrupted channel. 

The section of a river through one of the curves 
above described would present very nearly the ap- 
pearance represented in fig. 3, in which a is the 
auriferous slope, and b the perpendicular bluff. 
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As a general rule, in looking for gold, the 
rocks in the district to be examined should be 
either granitic, porphyritic, or quartzose, although 
it is also found in other formations, and particu- 
larly in clay-slate. The quartz in auriferous loca- 
lities is frequently stained of a rusty brown 
colour, from the piesence of peroxide of iron, 
and in many instances presents a cellular or 
honeycombed appearance. The tools employed 
by persons looking for new gold fields, oy prospect- 
ing, as it is usually called in Australia, are ex- 
tremely simple, and consist of a crow-bar, picfc-axe, 
shovel, and a large round flat-bottomed tin dish. 
When a spot has been found which from its geo- 
logical appearances would indicate the presence of 
gold, the pan is filled with the earth to be examined, 
and carried to the nearest stream, where its con- 
tents are carefully washed. This is done by placing 
the vessel sUghtly below the surface of the water, 
and then agitating the earth and sand which it 
contains, first by the hand, and afterwards with a 
sort of oscillatory movement of the basin itself, so 
as to allow the lighter portions to float away in the 
stream, whilst the heavier matters accumulate at 
the bottom of the pan. By thus alternately filling 
and washing out the dish, a considerable quantity 
of heavy sand is at length accumulated a^ the bot- 
tom ; and by a careful examination of this residue 
it is easy to determine whether gdd exists, and if 
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founds whether it be present in sufficient propor- 
tion to pay the expenses of working. In this 
subsequent examination of the earthy residue a 
small magnifying lens, fig. 4, will be found extremely 
useful, as by its aid the presence of 
gold may be detected in cases when, 
particularly if in a very fine state of 
division, it would otherwise escape 
observation. Should the spot ex- 
amined appear to yield a remune- 
rative amount of gold, a larger quan- 4. 
tity is employed ; and the process of digging and 
washing r^ularly commences. 

When the aurifbrous deposit is situated at a dis- 
tance from any creek or pool, its working consti- 
tutes a dry digging, and the earth and sand 
removed have to be carried for the purpose of wash- 
ing to the nearest available water. Biver diggings 
are, however, generally speaking, the most produc- 
tive, and in these the larger fragments or nuggets 
are most frequently found. In such localities, 
however, a very careful examination is required, as 
tlie gold is seldom found at the surface, but at a 
ffreater or less distance below the present bed of the 
river, and the nuggets and larger grains are most 
frequently obtained from^des and crevices existipg 
in the rocks on which the sand and gravel repose. 
When the surface consists of a loose gravel, the 
precious metal will in most instances have subsided 
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be neath this coarse deposit, and is found mixed 
with a blue tenacious clay, wliich is not readily 
disintegrated by the current. On the surface of 
this second bed the gold is usually distributed in a 
\ thin stratum, which must therefore be carefully col- 
! lected and washed. With this view trenches are dug, 
: t and by means of what are called " back troughs'' 
the course of the stream is entirely diverted. When 
the bed of the creek has been thus exposed, and 
all the larger pebbles and gravel removed, the ex- 
posed stratum of blue clay is collected and carefully 
\ washed. 

It may also be remarked here, that parties pro- 
specting should carefully examine the surface of the 
country, in order to discover the beds of any old 
stream, now become dry, through the river which 
they formerly conveyed having chosen other chan- 
nels. By closely examining these old water-courses 
J it is easy to ascertain the points at which eddies 
[ formerly existed : and in such places a search is 
often well repaid. Here the earth and sand must 
be removed until the original bed of the stream 
has been reached ; and when this has been effected 
the firm blue clay is collected and washed, as in the 
case of that which occurs in the beds of existing 
rivers. When these situations prove productive, 
the pits are sometimes sunk to a considerable depth, 
and from such holes hundreds of pounds worth of 
gold have sometimes been collected in a single day 
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by persons with only the most rudimentary know- 
ledge of mining; whilst others, with a still less 
degree of inteUigence, have worked during the 
same time at a hole only a few yards distant, with- 
out obtaining a single particle of the metal sought. 



ASSAY OF MINERALS CONTAINING 

GOLD. 

Fusion, — In the assay of minerals containing 
gold, the object sought is to obtain that metal in 
the form of an alloy with lead, which is afterwards 
placed in a muffle, and cupelled, with various pre- 
cautions. The mineral operated on is to be first 
finely pulverized in an iron mortar, and afterwards 
fused in an earthen crucible, with a certain pro- 
portion of litharge or red lead, and a sufficient 
quantity of powdered charcoal, to reduce to the 
metallic state a quantity of litharge varying with the 
nature of the ore treated, and the weight employed 
for each operation. The weight of litharge used 
must also itself be varied in accordance with the 
richness of the ore, and the nature of the gangue 
or matrix with which it is associated. If, which 
will frequently be the case, the substance operated 
on be either crushed gold quartz, or alluvial sands 
which have been more or less concentrated by 
washing, the following mixture will be found ex- 
tremely convenient. For the sake of being more 
definite in the directions given, I will suppose the 
ore to be tolerably rich, and therefore 400 grains 
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will be a sufficient quantity to employ. If, how- 
ever, poor ores are to be examined, double or even 
treble that quantity may be operated on, and in this 
case a proportionate quantity of flux must be used. 
In the case supposed, where 400 grains is the quan- 
tity treated, the resulting button of lea|J should at 
most not weigh above 200 grains, since, if the re- 
sulting button of alloy were too large, a greater 
length of time than convenient would be required 
for the cupellation. Neither should it be too 
small; as, in that case, a part of the gold is 
liable to remain in the slags. In order, then, to 
obtain a satisfactory result, the 400 grains of pow- 
dered ore must be intimately mixed on a sheet of 
highly-glazed writing paper, with its own weight of 
litharge or red lead (dry white lead will do equally 
well when these are not to be obtained), 200 grains 
of dry carbonate of soda, and from 7 to 8 grains of 
dry and very finely -powdered charcoal. This mix- 
ture is introduced into an earthen crucible, of 
which it should not fill more than two-thirds the 
capacitv. This is now covered with a thin laver of 
borax, and fused in an assay furnace, care being 
taken to withdraw the crucible from the fire as 
soon as a liquid and perfectly homogeneous slag 
has been obtained, since the unreduced litharge 
would otherwise be liable to cut through the pot, 
and spoil the experiment. 

When the substance operated on contains other 
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metal besides gold, the addition of charcoal or aiiy 
other reagent to reduce the litharge is in many 
cases unnecessary, as litharge readily attacks all 
the sulphides, arsenio-sulphides, &c., and oxidises 
nearly the whole of their constituents, with the ex- 
ception of silver and gold, whilst a proportionate 
quantity of metallic lead is at the same time set 
free. The slags thus formed contain the whole of 
the excess of litharge added, whilst the button 
of alloy produced is extracted by breaking the cru- 
cible, after it has been allowed to cool, and is then 
subjected to the process of cupellation. The pro- 
portion of oxide of lead to be added to ores of this 
description necessarily varies with the amount of 
oxidisable substances present, but should in all 
cases be added in excess, since, if the slags retain 
any traces of an alkaline sulphide, the whole of 
the gold contained in the mineral will not be pre- 
sent in the button of alloy obtained. Eor the assay 
of iron pyrites, about 30 parts of oxide of lead are 
necessary ; whilst for mispickel, zinc blende, cop- 
per pyrites, grey cobalt, and sulphide of antimony, 
from 15 to 25 times their weight only may be 
employed. 

The only objection to be made to this method of 
assay is the lar^e amount of lead which is produced 
for cupellation ; since pure iron pyrites affords, when 
thus treated, 8J parts of lead, whilst sulphide of 
antimony and grey copper ore yield from 6 to 7 
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parts. This inconvenience may, however, be ob- 
viated, by effecting the partial oxidation of the 
mineral by the aid of nitrate of potash or saltpetre ; 
by the skilful use of this reagent a metallic button 
of almost any required weight may be obtained. 
Should the nitre be employed in excess, it would 
determine the oxidation of all the metallic and 
combustible substances contained in the mineral. 
To this the gold alone would be an exception ; but 
from the comparatively small quantity in which that 
metal exists, it could not thus be obtained in the 
form of a button. 

When, however, the mixture contains at the 
same time a large excess of litharge, and the nitre 
has not been added in sufficient quantity to decom- 
pose the whole of the sulphides present, a reaction 
is established between the portions of undccomposcd 
sulphide and the oxide of lead added. The exact 
amount of nitre to. be added in these cases will ne- 
cessarily depend on the nature and richness of the 
ores treated ; but it should in all cases be borne in 
mind that 2J- parts of nitrate of potash are sufficient 
to completely oxidise one part of iron pyrites, 
and that 1^ and 2-3ds their weight in the case 
of sulphide of antimony and galena are respectively 
sufficient to produce the same effect on these ores. 
In certain cases, however, the process of scorifica- 
tion is to be preferred. 

One of the arrangements best adapted for the 
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operations above described, is knowa by the name 
of Seftstriim's Blast Furnace, and from its extreme 
portability offers great advantages to the travelling 
assayer. Such a furnace is representerl in fig. 5, 
and is formed of two cylinders of aheet-iron placed 
one within the other, c represents the outer cylin- 
der, and f/ the inner one, lined with a coating of 
fire-clay, about an inch in thickness, 



Both cylinders are provided with a bottom, and are 
fixed together by the top, air tight, in suet a way 
as to leave an equal space between their sides and 
bottoms, as exhibited in the figure. The smaller 
cylinder and its lining of fire-clay is pierced near 
the middle of the sides with eight holes, all point- 
ing towards the centre of the furnace. The crucible 
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to be heated is placed in the middle of this arrange- 
ment on a piece of fire brick, kept in its place by a 
little fire-clay. The air is blown into the opening 
ay which is connected with the nozzle of a double- 
action bellows, and is thus compressed into the 
space hy and thence driven through the holes o into 
the cavity of the furnace. Instead of using bellows 
a current of air may be advantageously supplied by 
means of a rotating fan, as shown in the wood- 
cut (Fig. 6), similar to those which are em- 
ployed for domestic purposes. 




6. 

When this blower is employed, the nozzle should 
be held at a distance of about a quarter of an inch 
from the orifice a, which in this case must be made 
slightly funnel-shaped. The heat thus produced is 
exceedingly intense; so much so, that a furnace 
having an internal diameter of six inches, and ex- 
ternally as large as an ordinary hat. is capable of 
melting, with the greatest ease, several ounces of 
cast iron. The fuel used for a small furnace of 
this kind should be charcoal broken into pieces of 
about the size of nutmegs. This uniformity is readily 
obtained by breaking the fuel into fragments of 

£ 
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nearly the raze required, and tiien afting it thioa^ 
two sieves, one of which Trains sU the pieces which 
sre too large, whilst the other lets through all those 
which are too small. When, however, the mate- 
rials for its erection can be obtained, tiie ordinary 
wind furnace is to be preferred. Piga. 7, 8, repre- 
sent this apparatus. 




Whoever it can be conveniently managed, it is 
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diesirable that the ash-pit of the furnace shoidd be 
plaoed beneath the floor of the room in which it is 
situated^ and communicate either with the cellar of 
the house or with an opening made in front, which 
for the sake of the draught is covered by an iron 
grating. The inner cavity of the arrangement may 
be made either round or square ; but for large opera- 
tions round famaces are generaUy preferred, al- 
though^ for the purposes of assaying, square ones are 
more commonly used. The cross section of this 
furnace is a square, of which each side may measure 
twelve inches. At ^ is the grate, consisting of 
several bars of wrought iron, united together and 
turning on a hinge. The side of the grating op- 
posite to the hinge rests upon an iron bar jp. This 
bar is moveable^ and can be withdrawn on pulling 
a knob on the outside of the furnace. When this 
is done^ the grate falls perpendicularly on its hinges, 
and allows the fuel to escape into the ash-pit 
beneath. The mouth of the furnace is closed by an 
iron plate A, lined with fire-clay, and fastened to a 
chain, by the aid of which and a pulley r it can be 
opened, when it is necessary either to throw in fuel 
or to stir the fire. In this plate there is a small 
hole ;», which can be closed by a moveable iron 
cover. This is used for occasionally viewing the 
interior of the furnace. JProm the internal cavity 
the heated gases pass into the chimney c by the 
canal I ; the cross section of the flue, like that of 
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the fdmace itself^ is a sqnare^ and the depth of the 
famace, from the fire bars t© the moveable cover, 
may be from two feet to two feet two inches. In 
many furnaces the cover, instead of being hung on 
hinges, as above described, is simply made to slide 
loosely over the aperture. The chimney of a fur- 
nace of this description should be at least 20 feet in 
height. 

The opening b, between the furnace and the 
chimney, should be about 8 inches by 2; but, 
should it be required, these dimensions may be 
readily diminished by means of a little fire-clay, 
and some pieces of refractory brick. The internal 
lining of such furnaces is commonly made of re- 
fractory bricks, bedded in fire-clay, but in default 
of the former material a lining of fire-clay alone 
may be readily substituted. The chimney must be 
provided with a damper for the regulation of the 
draught. 

When this furnace is to be employed to effect a 
fusion, the opening i is closed by a piece of fire- 
brick; another fragment of brick is placed on the 
grate, and on this stands the crucible in which the 
experiment is to be made. 

When employed foir making cupellations, the 
muffle is introduced through the opening i, and 
rests on the bars o o. This furnace is not recom- 
mended as being of the best form and dimension 
that could possibly be used for the purposes of 
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assayings bat is e]&tremel7 useful for general pur* 
poses^ and can^ if required^ be employed for running 
down large quantities of gold dust. 

Cupellation. — In order to ascertain the amount 
of the precious metals^ t. e, the silver and gold 
contained in the buttons of lead obtained by the 
foregoing operations, they are subjected to a pro- 
cess called cupellation. 

This procesjs is founded on the circumstance that 
when silver and gold are exposed, in a state of 
fusion, to the action of the air, they neither give 
off perceptible vapours, nor are sensibly oxidised, 
particularly when more oxidisable metals are 
present. 

In order, then, to obtain the gold contained in 
the buttons of auriferous lead taken from the cru- 
cibles in which the fusions have been conducted, it 
is only necessary to expose them on some absorb- 
ing medium to such a temperature as may oxidise 
the lead, whilst the gold is not so affected. The 
oxide of lead, or litharge, which is thus produced, 
becomes rapidly absorbed by the porous substance 
by which the assay is supported, and nothing but a 
small button of gold, or of gold containing a 
certain quantity of silver, ultimately remains in 
the metallic state. 

These supports are called cupels, and are made 
of bone-ash, tightly consolidated by pressure in an 
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iron mouldj which gi?e9 to them the form repre- 
sented by figs, d and 10. 

^^b ■^ '^ convenient kind of fnr- 
^9 ^Hf nace for the purpose of cnpel- 
g. 10. lation is represented by %s, 
12 and 13. The first of these figoies represents the 
fomckce in elevation, and the second in section. 
This fomace, as shown in the drawing, is made of 
sheet iron, thickly lined with fire-clay. 

The most important part of this appanttos is the 
muffle m, which is a small arched retoit oi fire-clay 
closed at one of its extremities, and furnished either 
with small holes or perpendicular slits in the sides 
and end, in order to allow of the &ee circulation 
of air through its internal cavity. The accompany- 
ing wood cut (Fig. 11) represents a muffle of this 
kind, before its introduction into the furnace. 



When fixed, it is so arranged tliat whilst one of 
its extremities is supported by a proper shelf, the 
other corresponds to the opening <f , to the sides of 
which it is carefully lated by a little moistened fire- 
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' clay. Tliis position of the muffle in the fnrnace 
admits of ite being readily heated on ereiy side ; 
whilst the openings in its end und sides admit of 
the passt^ of a current of air from the door <t 
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into the cavity of the furnace. In this way the in- 
terior of the mnffle is constantly travetaed by a 
highly oxidising current of air^ and the draught of 
the furnace is kept up by the addition of a long 
chimney of sheet iron c. To light this apparatus 
a little ignited charcoal is introduced by the open- 
ing d, and the cavity of the furnace afterwards filled 
up with the same fuel ; the whole of the openings 
lAust be now closed by their proper slides, with the 
exception of the ash-pit a. Instead of charcoal, 
good hard coke, broken into small pieces, may be 
employed ; and when the muffle has become red- 
hot, six or eight cupels, which have been previously 
drying on the ledge around the chimney, are taken 
by tongs of the form shown fig. 14, and placed on 
the floor of the muffle. This, to prevent its being 
corroded should any lead be spilt upon it, is pre- 
viously covered by a thin layer of pounded 
bone-ash. 

The opening d! is now closed by its doors, so as 
to prevent the introduction of a current of cold air, 
and the cupels are thus raised to the temperature 
of the muffle itself. When this has been done the 
door is again removed, and into each of the cupels 
is introduced, by a pair of slender steel tongs, a 
button of the alloy to be assayed. The door is now 
^ a second time closed during a few minutes, in 
order to facilitate the fusion of the alloy, and on 
its removal each of the cupels is found to contain a 
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bright convex metallic globule^ in which state 
the assay is said to be uncovered. The air 
thus admitted rapidly converts the 
lead into litharge^ which^ as fast as it 
is produced^ is absorbed by the bone-ash 
of the cupels ; and at the same time 
there arises a white vapour, which is 
gradually carried oflf through the open- 
ings in the sides of the muffle. An 
annular stain is also formed around the 
the metallic bath : this gradually ex- 
tends, and penetrates into the substance 
of the cupel in proportion as the metallic 
globule itself diminishes in size. When 
nearly the whole of the lead has been 
thus converted into litharge, and ab- 
sorbed, the remaining bead of rich alloy 
appears to become agitated by a rapid 
circular movement, by which it seems 
to be made to revolve with great ra- 
pidity. At this stage of the operation 
the agitation will be observed to cease 
suddenly, and the button, after having 
for a moment emitted a bright flashy 14. 
becomes brilliant and immoveable. 

This phenomenon is called the brightening or 
coruscation of the metal, and a button remains on 
the cupel, which, if the original mineral merely 
contained gold, mixed with the tnore oxidisable 
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bodies, consists of that metal in b state of almost 
chemical purity ; but if the ore be argentiferouSj aa 
well as auriferoua, it will be composed of a mixture 
of gold and Bilver, 

The litharge employed in the first stage of this 

process, for the purpose of supplying the lead 

necessary for the assay, in almost every instance 

contains a certain portion of silver, for which due 

allowance must be made in the results obtained. 

In order to do this, it is necessary to ascertain, by 

a preliminary experiment, in what amount silver is 

nt in the lead reduced from such litharge; 

laving ascertained the weight of the button 

ned, the proper redaction is calculated, and 

acted from the button of alloy obtained. When, 

ver, the fusion has been conducted by the aid 

tre, it is extremely difficult to arrive at accu- 

resolts by thb means, and consequently in all 

cases, as well as when the ore contains silver 

dition to gold, recourse must be had to the 

iss of parting, which will pies^tly be de> 

ed. 

. after the brightening of the button, the 
i were immediately removed from the muffle, 
metallic globule would be liable to sprout 
getate, by which its sur&ce would not only 
overed by numerous arborescent asperities, 
portion of the metal would probably be thrown 
,nd lost. This effect is only produced when a 
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large portion of silver is present^ and it appears to 
be partly due to the sudden cooling of the surface 
exposed to the air, which by its contraction 
compresses the liquid metal contained in the 
interior, and causes it to burst through the outer 
coating. The effect is, however, chiefly owing 
to the expulsion of oxygen gas, as silver is 
known to absorb that body when in a fused state, 
and again to part with it at the moment of conso- 
lidation. The oxygen in this case would almost 
appear to be mechanically combined. 

To prevent this sprouting from taking place, 
and to guard against the loss of metal that is 
liable to ensue, the cupel on which the button 
has brightened should be immediately covered by 
another, which has been kept red-hot for that pur- 
pose. The two are now withdrawn together, and 
allowed to remain on the ledge before the muffle, 
until the metal has been solidified, when the upper 
cupel may be removed, and the globule of rich 
alloy detached and weighed. 

From the circumstance that silver is sensibly 
volatile at elevated temperatures, it becomes neces- 
sary to make cupellations of the buttons obtained 
from ores containing that metal at the lowest heat 
at which the absorption of the litharge can be 
readily determined. If, however, the cupel be not 
made sufficiently hot, an annular incrustation of 
crystallised litharge will begin to accumulate around 
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its edges, and if at this point the fire be not im- 
mediately attended to, the deposit of oxide spreads 
rapidly over the whole surface of the metal, and 
the further progress of the operation becomes 
entirely stopped. In case of this happening, the 
mouth of the cupel must for a few minutes be 
closed by its door of sheet iron, and the heat of 
the muffle raised by the addition of fresh fuel : 
should this fail to uncover the bath, a small quan- 
tity of powdered charcoal may be sprinkled over 
its surface. 

The temperature best suited for cupdlation is 
obtained when the muffle and the enclosed cupels 
are at a full red heat, and the vapours which arise 
from the alloy curl gradually away, and are promptly 
removed by the draught. When the muffle is 
heated almost to whiteness, and the vapours rise to 
the crown of the arch, the temperature is too high, 
and when on the contrary the fumes lie over the 
bottom, and the sides of the openings in the muffle 
begin to darken, a little more fuel must be added 
through the door/, and the heat gradually raised. 
When the operation is conducted at a proper tem- 
perature, the cupel should be of a cherry-red 
colour, and the fused alloy very bright and convex. 
At the commencement of the operation the heat 
must be a little raised, for the purpose of fusing 
and uncovering the button, and just before the 
globule is about to brighten, a slight elevation of 
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temperature is again advantageous^ but if a proper 
heat has been kept up during the progress of the 
operation^ this is by no means necessary. 

The success of an experiment is likewise con- 
siderably influenced by the force of the draught 
passing through the muffle. When the current is 
too rapid^ the cupel becomes cooled, and the lead 
is oxidised with greater rapidity than it should be : 
in this case the litharge produced is not absorbed 
by the test as fast as it is generated, and con- 
sequently the surface of the alloy is covered by a 
coating of oxide of lead, by which it ultimately 
becomes protected from any further oxidation. 
*When, on the contrary, the current is too feeble, 
the assay remains a long time in the muffle, and, 
if silver be present, a large amount is lost by sub- 
limation. 

If an assay has been properly conducted, the 
residual button is round, bright, and smooth oji its 
upper surface, and beneath should be crystalline, 
and present a frosted metallic appearance; it is 
easily detached from the cupel, and readily freed from 
any adhering litharge. This globule is now removed 
by a pair of fine steel forceps, and slightly crushed 
between the jaws of a pair of pliers, by which the 
oxide of lead, which frequently attaches itself to it, 
becomes pulverised, and is removed by scratching 
with a small brush made of stiff hogs' bristles. 
When the buttons obtained on the cupels are ex- 
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tremely small^ thej are best flatteDed on a small 
anvil or steel stake^ before being cleaned by the 
brush. The flattened discs are then examined by 
the aid of a powerful lens, in order to be sure that 
their surfaces are perfectly clean, imd afterwards 
weighed in a balance capable of turning with 
1-lOOOth of a grain weight. For the purpose of 
weighing the ore previous to its fusion with the 
litharge, as well as for ascertaining the weight of 
the button of lead obtained, when that is required, 
a pair of common apothecaries' scales may be con- 
veniently employed. 

When, in addition to gold and lead, the button 
obtained by the fusion likewise contains copper, it* 
must be cupelled like the similar alloys of silver 
and lead, but as copper possesses a much greater 
afi&nity for gold than for silver, a proportion- 
ately large addition of lead must be made, in 
order to ensure the production of a button in which 
copper is not present. This proportion varies in 
accordance with the composition of the alloy 
operated on, as shown in the following table, in 
which is indicated the total amount of lead to be 
added to the various alloys of gold and copper, in 
order to obtain the former metal in a perfectly pure 
state. 
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Proportion of Gold 

contained in the 

AUoy. 

1000 thousandths 
900 
800 
700 
600 
500 
400\ 
300 



n 

99 



Quantity of Lead 

necessary to completely 

remove the Copper by 

CupeUation. 

1 part 

10 



16 
22 
24 
26 



84 



99 
19 



» 



200 
100 
60/ 

Instead of using the cupellation furnace de- 
scribed at the beginning of this chapter^ a small 
one^ made of fire-clay^ and bound with iron hoops^ 
may sometimes be used with advantage. These 
small clay furnaces are^ however^ liable to be 
broken^ and are consequently inconvenient when 
they have to be carried to any considerable dis- 
tance. The best crucibles to be employed for the 
fosion of the ore^ are either the Cornish, or those 
known by the name of London pots, although, 
when made of good material, I usually prefer the 
latter. Those called four-inch pots are of the most 
convenient size. 

Cupels. — ^The manufacture of cupels is an ex- 
tremely simple operation, and is thus conducted. 
The bone-ash obtained by burning bones, either in 
heaps, or in the larger assay furnace, page 50, is 
first pounded, and then passed through a sieve of 
fine wire gauze^ and afterwards mixed with water 
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until Bufflciently moistened to retain the marks of 
the fingers vhen taken up and tightly squeezed in 
the hand. To give to the cupelsj when made, a 
certain degree of firmness, a little carbonate of 
potash is sometimes added to the water with which 
the bone-ash is moistened. The amount of alkaline 
carbonate required for this purpose is exceedingly 
small, since a fragment of the size of a hazel nut 
will be amply safBcient to add to a pint of water. 
Instead of water, some persons use sour beer, and 
thus dispense with the use of any kind of alkali. 
The form of mould best adapted for the manufac- 
ture of cupels is represented by fig. 15, and consists 
of a bevelled steel ring, i, and a 
die, a, made of the same metal, and 
fitted with a wooden handle. To 
moke a cupel, the cavity is nearly 
fiUedwith moistened bone-ash, which 
is first compressed slightly by the 
hand, and afterwards by the die, which 
is tightly driven into the ring by 
the use of such a mallet as is shown 
^^^ fig. 16. When sufficiently con- 
solidated the die is withdrawn, and 
by introducing a wooden cylinder 
which exactly fits the aperture, the cupel is with- 
out difficulty removed. The use of this wooden 
cylinder is sometimes liable to crumble the edges 
of the cupel, and for this reason a loose plate, c, 
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exactly fitting the bottom of the mould, is fre- 
qnentl; introduced, befoie the bone-ash is placed 



in it. When this precaution is taken, the iron 
protects tbe bottom of the cupel, and enables the 
operator to use considerable force without injury 
to the edges of the newly made test. This iron 
plate most of course be replaced each time a cupel 
is madcj and, with the test before it, is again forced 
out of the mould. 

Scorificatiov. — Scorification, like the fusion of 
the ore with litharge, has the effect of producing an 
alloy, which may be subsequently passed to the 
cupel, and a very fusible alag, composed of oxide 
of lead, and all the other substances present, with 
the exception of the precious metals. In the 
fusion with litharge, however, the oxidation of the 
various substances which are to be removed is pro- 
duced by the action of the oxygen contained in the 
litharge itself, whilst an equivalent amount of lead 
is reduced to the metallic state, and enters into 
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combination with the gold and silver which the 
mineral ma; contain, to furnisb the required alloy. 
When, on the contrary, the process of scorification 
is adopted, these substances are oxidised by the 
aid of atmospheric air, whilst the litharge neces- 
sary for the fusion of the earthy and siliceous 
matters is itself formed by the oxidation of a por- 
tion of the metnUic lead which is added to the ore 
to be assayed. For this operation, instead of osing 
cupels made of bone-ash, small vessels, of the form 
represented lig. 17, and made of close-griuned fire- 
clay, are employed. These scori- 
fiers are heated in the muffle of 
an ordinary assay furnace, and as 
17. many assays may be introduced 

at one time as there is room for in the muffle. 

Before introducing the acorifiers into the furnace, 
they are each chai^d with a determined weight of 
the mineral to be operated on, reduced to the state 
of a fine powder, and intimately mixed with a cer- 
tain quantity of finely granulat«d lead. They are 
now placed in the muffle, and there strongly heated 
'aring a quarter of an hour, with the door at the 
louth closed. At the expiration of this time the 
ad will be found to be melted, and the mouth of 
le muffle is again opened. The current of heated 
r which now passes through the muffle imme- 
ately begins the process of roasting, which is con- 
uued tranquilly, without there being any necessity 
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for continual stirrings as is frequently the case when 
substances are roasted in the muffle without the 
addition of lead. The effect of this oxidation is to 
produce a slag on the surface of the metallic bath^ 
and this^ which at first accumulates around 
the edges of the scorifier, soon becomes extended 
over its whole surface. These slags, which at the 
commencement of the operation are frequently solid, 
graduaUy become soft, and finally remain in a per- 
fectly liquid state; since, in proportion as the 
operation advances^ the quantity of oxide of lead 
which they contain becomes more and more con- 
siderable. 

When it is thought that the scorification has 
been sufficiently advanced, the fused matters are 
well stirred with a slender iron rod, for the purpose 
of mixing with the mass any hard and pasty sub- 
stances which they may contain, and which might 
otherwise remain attached to the sides of the vessel. 
After this the muffle is for a short time strongly 
heated, and the slags thereby rendered as com- 
pletely liquid as possible. The point at which the 
scorification has been sufficiently advanced may be 
recognised by placing in the mixture a small iron 
poker, previously heated to redness ; and when, on 
withdrawing this, it is found covered with a slight 
film of scoria, which runs off without forming a 
small solid drop at the end of the rod, the operation 
may be considered complete. This condition of 
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the slag is indispensable^ in order that no metallic 
bnttons loay remain adhering to the sides of the 

vessel. 

When this point has been attained the operation 
is terminated, and the scorifier immediately with- 
drawn firom the fire by means of proper tongs, and 
the alloy poured into a mould of the form repre- 
sented fig. 18. 




18. 
When cold, the metallic button is readily separated 
from the slags, and may be passed on a cupel in 

the usual way. 

The process of scorification is, without exception, 
applicable to the assay of all kinds of auriferous 
and argentiferous ores, and is at the same time one 
of the most exact methods that can be employed. 
When the gangue or matrix of the ore assayed is 
siliceous, the oxide of lead, which is formed by the 
roasting of the metallic lead, combines with the 
silica to form a fusible silicate; whilst the re- 
mainder of the lead, which escapes oxidatimi, unites 
with the sQver and gold which may be present in 
the ore. When these metals are in combiiiation 
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with other metallic substances they absorb oxygen 
from the atmosphere, and the oxides produced 
combine with the litharge formed at the same 
time, and thus give rise to various fusible com- 
pounds. 

Ihe chief and most valuable feature of the pro- 
cess of scorification is, that however small may be 
the proportion of the lead employed, the slags pro- 
duced never contain any oxy-sulphides at the close 
of the operation ; and from this it follows that they 
rarely retain the most minute trace of either gold or 
silver. We have, moreover, seen that the assay of 
the sulphides and arsenio-sulphides by means of 
litjia^ is attended with considerable inconve- 
nience, from the amount of that oxide which it is 
ne<3essary to employ; since for the first SO parts, 
and for the second as mudi as 40 parts, are some- 
timed required, and if these amounts be not re* 
spectively add^ the slags will retain sulphides in 
combination, by which the resrults of the etperi*- 
ment will be more or less vitiated. 

Pflf ^i»^. — When, as is frequently the ttwe, 
the button produced by the fusion of the ores 
contains, in addition to lead and gold, a certain 
proportion of silver together with traces of copper, 
it must be cupelled at a moderate temperature, 
and, if necessary, an additional quantity of silver 
added. By operating in this i^ay the button 
obtained on the cupel consists of an alloy of silver 
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and gold, which is afterwards treated with an ex- 
cess of nitric acid : this effects the solution of the 
silver, and leaves the gold untouched in the form 
of a brown sponge, in the bottom of the flask in 
which the experiment has been conducted. In 
order, however, to obtain perfectly exact results, it 
is necessary that a certain relation should exist 
between the amount of the two metals of which the 
alloy is composed ; since, if the silver be not present 
in sufficient quantity, the mixture is not completely 
attacked by nitric add ; whilst on the other hand, 
when too large a proportion of this metal is added, 
the gold remains in a pulverulent form, which 
renders its collection for the purpose of weighing 
extremely difficult. 

This operation, which has received the name 
of parting, is found to succeed most fully when 
the alloy contains a little less than three parts of 
silver to one of gold, and therefore, in all cases 
where the greatest exactitude is required, the addi- 
tion of silver must be so managed as to agree as 
closely as possible with this proportion. If the 
alloy contain less than two-and-a-half parts of silver 
to one part of gold, the solution of the silver is not 
readily effected, as in this case some of its particles 
are so enveloped in gold as to resist for a long time 
the action of the strongest nitric acid. 

The operation of adding the proper amount of 
silver to an alloy of gold to reduce it to the best 



PAUTING, 71 

standard for the process of parting,, is called in- 
quartation. The quantity of silver necessary for 
this purpose is estimated in accordance with the 
approximative composition of the alloy produced 
by direct cupellation. This may be judged of 
either by the touchstone, as will be presently de- 
scribed, or in many instances by a simple inspec- 
tion of its colour and hardness. 

The inquarted button, when obtained, shoul4 
be carefully flattened with a polished hammer 
(fig. 19) on a steel anvil, and 
afterwards attacked in a small 
flask or test-tube by nitric acid 
of specific gravity, 1*15. After 
being boiled with acid of this 
strength until the red vapours at 
first given off have ceased to be 
evolved, the residue is again 19. 

heated to ebullition during from ten minutes to a 
quarter of an hour in acid of specific ^avity 1*25. 
At the expiration of this time the acid is care- 
fully poured off, and the residual gold, after being 
carefully washed with distilled water, is transferred 
to a thin porcelain capsule, from which the water 
is partially removed by pouring, and the remainder 
evaporated by exposure to a gentle heat. After 
being heated to redness the pulverulent gold may 
be either weighed directly in an accurate balance, 
or be folded in a small piece of poor lead-foil, and 
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again passed to the cupel so as to obtain it in the 
form of a pare metallic globole. It is of the 
greatest importance that the acid employed for 
the above operation shonld be perfectly free from 
chlorine. 

Assay of Gold Dust und Artificial Alloys. — As 
in these cases the standard operated on is in most 
instances approximatively known without having re- 
course to any preliminary investigation, the opera- 
tion usually commences by fusing the alloy in a 
cupel with about five times its weight of poor lead^ 
and then adding the amount of pure silver necessary 
to bring the mixture to the proper composition. 
After having in this way obtained a button by cu- 
pellation^ it is first flattened on an anvil, and after- 
wards annealed by being heated to redness in the 
muffle, and allowed to cool. It is then drawn out 
into the form of a long slip by being repeatedly 
passed between the rollers of a small flatting-mill. 
During the progress of this operation the metal re- 
quires to be a second time annealed, and when 
si)fficiently reduced in thickness should represent a 
metallic ribbon of about three.-eighths of an inch in 
width, and three inches in length. A convenient 
weight of alloy to operate on is 12 grains, as this^ 
as will be shortly explained, bears a simple relation 
to the carat. In laminating the cupelled button> it 
is, however, necessaiy that it should be reduced to a 
suitable thickness, so that on the one hand the 
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mlver may be readily dissolved^ wUlst on the other, 
S the iBmination be carried too far, the gold re- 
mainiiig at the dose of the experiment will not 
possess suffid^t coherence to admit of being conve- 
niently removed and passed to the muffle. The 
strip of alloy thus prepared is now wound in the 
form of a qnral around a piece of iron wire, or 
the barrel of a quill pen, from which it is removed 
to a small glass matrass capable of holding about 
six fluid ounces, which, with the tongs used for 
holding it, is shown fig. 20. Instead of employing 
a flask of the form here represented, a small 
bulb-shaped maisrass with a long neck is fre- 




quently nsed: this latter form is now generaDy 
adopted by the best assayers of bullion, both 
on the continent and in this country* About 
two ounces oi nitric acid of specific gravity 1*15, 
are now added, and the whole exposed to the tem^ 
perature of ebullition until red fumes have ceased 
to be givai off: when this occurs the first liquor 
is carefully poured off and replaced by the same 
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quantity of acid having a specific gravity of 1*25 ; 
with this the residue is briskly boiled for another 
ten minutes, after which it is poured off, and the re- 
maining gold carefully washed. The flask is now 
entirely filled with distilled water, and after covering 
the neck with the thumb, so as to prevent the escape 
of ^ny of the liquid, it is so inclined as to allow the 
cornet of spongy gold, which retains the form of 
the original alloy, to descend slowly and without 
breaking to the neck of the matrass. The metallic 
spiral is now carefully allowed to drop into a small 
earthen crucible, fig. 21 ; the water is carefully 

poured off, and when quite dry the 
whole is heated in the mufiJe to bright 
redness. In these operations the 
stronger acid is not at first applied, 
2x. because it is liable, by its rapid action 
on the silver, to divide the gold in the 
form of powder : but some of the best assayers are in 
the habit of using acid of the density of 1*20, and 
in this case, if the operation be skilfully conducted, 
there will be no need of any subsequent addition of 
stronger acid. When the attack has been carefully 
conducted the gold remains in the form of a friable 
brown sponge, having very nearly the same dimen- 
sions as the original spiral of alloy : on heating this, 
however, as before described, it contracts very consi- 
derably, and at the same time a6quires the colour and 
consistence of ordinary malleable gold. The results. 
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tbas obtained differ from one-quarter to one-half- 
thoasandth from the actual truths and are therefore 
sufficiently exact for every commercial purpose* 

The Touchstone. — When the apparatus and re- 
agents necessary for the carrying out of a complete 
assay cannot be procured^ a very near approxi- 
mation to the truth may be obtained by the use of 
the touchstone ; and as the materials employed for 
these operations are e;Ltremely portable^ its use is 
sometimes attended with considerable advantage* 
This process essentially consists in rubbing some 
convenient part of the object to be examined on 
a hard siliceous stone of a dark colour^ on which it 
thus leaves distinct metallic traces : from the aspect 
of these marks^ and their behaviour when treated 
with nitric acid^ either with or without a slight ad- 
dition of muriatic acid, the operator judges of the 
value of the gold subjected to examination. The 
material employed for this purpose, and which is 
generally known by the name of touchstone, is a 
coarse-grained species of quartz coloured by bitumi- 
nous matter, and of which large quantities are 
found in Saxony, Bohemia, and various other 
localities. 

In order to be enabled to judge of the value of 
an alloy from the nature of the marks left by it on 
the surface of the stone, the assayer is furnished 
with a series of small bars or touch needles, formed 
of alloys either of copper and gold, or of silver and 
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gM, as the case may be, and of which the com- 
position is accurately deteimined. 

The trace left on the stone by the alloy to be 
examined, is snccessivdy compared, both before and 
after the action of an acid, mth the different marks 
obtained from these needles when similarly ta^eated, 
taking care to employ those containing copper for 
all alloys of that metal, and those alloyed with 
silver when silver is supposed to be present in ibe 
specimen operated on. In these examinations the 
gold operated on is supposed to possess a similair 
standard to the needle whose mark agrees most 
closely with it und^ all circtimstances. The acid 
most commonly employed for this purpose is nitrie 
acid of sp. gr. l'£0, to which about 2 per cent, ot 
muriatic acid has been added. In making these 
assays, the first streak obtained on the stoue cannot 
foe employed to ascertain the composition of the 
object examined, if it be a manufactured article, as 
the surface of jewellery is invariably rendered, by the 
process of colouring, of a higher standard than that 
of the alloy of which it is throughout composed. 
For this reason, therefore, the object must be 
passed once or twice over the surface of the stone, 
in order to remove the superficial coating of richer 
alloy, before making the streak from the compari- 
son of which with those of the needles the com- 
mercial value of the mixture is to be detencined. 
This method, although affording much less accu- 
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laibe results than those obtained by inquartation 
and subsequent parting, is, nevertheless, for many 
purposes sufiBciently exact. 

When, in addition to copper, gold, and silver^ 
the alloy also contains a certain proportion of pla- 
tinum, the separation by cupellation of the oxidis- 
able metals, and especially copper, is rendered 
extremely difficult. In this case, it is necessary 
that the silver present should be at least double 
the united weights of the gold and platinum con- 
tained in the alloy, and that it should be cupelled 
at a very high temperature, with the addition of 
laige quantities of lead. The button thus obtained 
is afterwards to be treated by nitric acid in the 
Tlsual way, when the presence of so large a propor- 
tion of silver determines the solution of the plati- 
num, whilst the gold remains untouched in the 
bottom of the flask, and is collected and weighed 
as already described. 

Eor commercial purposes the quantity of gold 
contained in any given mineral is estimated in ozs., 
dwts., and grains, one ton of ore being taken in all 
cases as the standard of unity. 
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•010 
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•030 


2 9 


4000 


326 13 8 


•040 


3 5 8 


i 5000 


408 6 16 


•050 


4 1 16 


6000 


490 


•060 


4 18 


7000 


570 13 8 


•070 


5 14 8 


8-000 
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Gold is seldomfonnd in nature in a pure state^ and 
for the purposes of the arts is alloyed with a small 
quantity of either silver or copper, by which its 
hardness as well as its fusibility are considerably 
increased. 

In this country the standard of the alloys of 
gold is calculated in fractions of unity expressed 
in carats. Unity is supposed to be divided into 
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24 carats^ whilst the carat itself is subdivided into 
32, thirty-secondths ; so that unity may be consi- 
dered as made up of 768 thirty-secondths of a 
carat. In this way the gold coinage of the United 
Kingdom is said to have a standard of 22 carats ; 
or> in other words^ a sovereign consists of an alloy in 
which^ in every 24 parts^ there are 22 parts of fine 
gold^ and 2 parts of alloy. It is for this reason 
that^ for the assay of bullion^ 12 grains of the 
substance are conveniently operated on, since evciy 
half grain of fine gold found by experiment will 
evidently correspond to one carat in the composi- 
tion of the alloy. The various subdivisions of 
the carat are represented by fractions of a grain, 
and the true standard is thus strictly and readily 
determined. It is needless to remark, that in all 
the foregoing operations the greatest accuracy is 
required, both in making the various weighings, 
and also in the fusion and separation of the buttons. 
It is likewise advisable, in all cases, to make at 
least two separate experiments on every sample 
examined ; and if these should not agree to within 
two or three-thousandths of a grain, other assays 
must be made until the desired approximation has 
been obtained. 

Specific Gravity, — ^The specific gravity of gold 
having been mentioned in a former chapter as a 
means of distinguishing that metal from other sub- 
stances of nearly the same colour, it is neces- 
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sary that the meaning of the term specific grayitj 
shonld now be explained, as also the methods by 
which the specific gravities, of bodies may be con- 
veniently ascertained. 

By the specific gravity or density of a substance 
is understood its weight as compared with that of 
an equal bulk of some other body taken as a stan- 
dard of calculation. In the case of solids and 
liquids^ distilled water, at the temperature of 60^ 
Eahr., is taken as this point of comparison ; but 
the densities of the gases are usually estimated in 
relation with common air taken as unity. 

In order to determine the specific gravity of a 
body, it is necessary to ascertain its weight when 
weighed in air, and also to learn how much it loses 
in weight by immersion in water. If we caU its 
weight in air W, and its weight when suspended in 
water w, it is evident that "W— if will represent 
the weight of an equal volume of that liquid, as 
whenever a solid is placed in a liquid that covers 
the top of it, it must necessarily displace precisely 
its own bulk of the medium in which it is situated. 
The specific gravity of a body being, then, its 
weight in comparison with an equal bulk of some 
other substance taken as unity, it will readily be 
obtained from the above data, and is nothing more 
than the relation existing between W and W-^tP, 

which will consequently be represented by == 



SPECiriC GRAVITY. 



81 



The most common method of taking specific 
gravities, when large pieces of the substance to be 
operated on can be readily procured, is by means 
of what is called the hydrostatic balance. This 
consists of an ordinary balance (fig. 22), of 
which the pans are suspended by strings of 




22. 



unequal length. In order to obtain a density by 
this instrument, the substance to be operated on 
should be suspended by a hair or filament of silk 
to the shorter pan, which has a hook attached to its 
under side for that purpose. Weights should now 
be added in the other pan until the equilibrium is 
restored ; and when this takes place the weight W 
will be noted as that of the substance in air. To 
obtain the corresponding weight of an equal bulk 
of water at the temperature of 60° Pahr., a vessel 
of that liquid is now placed under the shorter pan 
in such a way that the suspended fragment of 

G 
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which we desire to know the density may be com- 
pletely immersed in it, and weights are to be 
removed from the other pan until the equilibrium 
be again restored. The second weight thus ob- 
tained IT, deducted from W, ascertained by weighing 
the substance in air, gives the weight W—w of 
an equal volume of water, and the required specific 

gravity^ is at once obtained by dividing the 

weight in air by this diflference. When it is re- 
quired to conduct these operations with great ac- 
curacy, it is necessary to employ a very delicate 
balance, and to remove any air-bubbles that may 
attach themselves to the substance when placed in 
water, by means of a camel's hair brush. The tem- 
perature of the water in such cases should also 
be constantly kept at 60°, and any deviation 
of the barometer from 30 inches should be duly 
allowed for. In cases where but small frag- 
ments of a substance can be obtained, the instru- 
ment called the specific gravity bottle is most con- 
veniently employed. This is nothing more than a 
common bottle of which the stopper, nicely fitted 
by grinding, is traversed by a capillary tube, and 
so arranged that it cannot sink beyond a line 
marked upon the neck of the phial. By this means 
it is easy to obtain a constant weight of water in 
the instrument, since, if it be filled beyond the 
line and the stopper afterwards forced into it, the 
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residual liquid will escape through the capillary 
tube, and the bottle remain exactly full. In order 
to take a specific gravity by the aid of this phial, it 
should first be weighed when full of watery a coun- 
terpoise equivalent to the weight of the bottle being 
placed in the opposite scale-pan. The substance 
to be examined must then be weighed in air, and 
afterwards dropped into the phial, care being taken 
to avoid the loss of the most minute particle. The 
stopper is now replaced, so that the bottle may 
again remain exactly full, and the whole is re- 
weighed. The diflference between the weight of 
the bottle of water, W, added to the weight of 
the substance in air, W or W-f W; and that of 
the weight of the bottle of water, w, when contain- 
ing the fragment to be examined, is evidently 
W+W—w, and the specific gravity sought will, 

consequently, be expressed by — ^,^ 

The following example may probably render the 
above explanations more readily understood. I 
find that the bottle full of distilled water weighs 
995*74 grains = W. 

Another substance, which is supposed to be 
gold dust, weighs in air 105*30 grains = W. 
The bottle, with the supposed gold dust and water 
together, weighs 1095*52 = w. The united 
weights of the substance and bottle of water toge- 
ther being 110 1'O* grains=W-f-W', the weight 
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of the equivsJent volume of water displaced will be 
110104-1095-52 = 5-52 = W+ W'-ttf. It 
consequently follows that the specific gravity of 
the substance is — 



105-30 
5-52 



= 19-07 = 






The above result shows, then, that the substance 
examined was really gold dust, and but little mixed 
with any kind of alloy. 

Instead of operating as above 
described, the density of any finely 
divided body, such as gold dust, 
may be readily and accurately de- 
termined by the following pro- 
cess : — The substance is first 
weighed in air, and then placed in a 
specific gravity bottle of known 
capacity, and the bottle carefully 
filled from a graduated pourette 
(fig. 23), up to the point marked 
on its neck. 

On consulting the pourette, 
every division of which may re- 
present one grain of distilled water, it is at once 
seen how many grains of water have been 
required to fill the bottle, when containing the 
known weight of gold, up to the mark on its 
neck. On deducting this from the ascertained 
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capacity of the bottle, the weight of the displaced 
water is at once seen. The weight of the sub- 
stance in air is now to be divided by this result, 
and the specific gravity of the body examined is at 
once obtained. 

The advantages of this method under circum- 
stances in which distilled water cannot be obtained 
is very obvious, as not only will any liquid not 
acting on the substance under examination answer 
for the experiment, but the results found are 
also perfectly independent of both temperature and 
pressure. 

From the known specific gravity of gold, as well 
as that of the quartz rock with which it is com- 
monly associated, it becomes easy, after determining 
the density of the mixture, to ascertain by cal- 
culation the relative amount of each present in 
any particular specimen. 



To find the Froportion of Gold in a Mixture . of 

Gold and Quartz, 

The specific gravity of the gold « 19-000 
The specific gravity of the quartz = 2*600 

These numbers can be corrected when experiment shows 
the specific gravities to be different. 

A. Ascertain the specific gravity of the mixture of gold 
and quartz. Suppoee it to be 8'067. 
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B. Deduct the specific grayity of the mixture from the 
specific gravity of the gold : the difference is the ratio of the 
quartz by volume: — 

19000 - 8067 « 10-933. 

C. Deduct the specific gravity of the quartz from the 
specific gravity of the mixture : the difference is the ratio of 
the gold by volume : — 

8067 - 2-600 - 5-467. 

D. Add these ratios together, and proceed by the rule of 
proportion. The product is the per-oentage of gold by 
bulk:— 

10-933 + 5-467 = 16400. 
16-4 is to 5-467 as 100 is to 8335. 

E. Multiply the per-centage of gold by bulk, by its speoifie 
gravity. The product is the ratio of the gold in the mixture, 
by weight : — 

83-35 X 19-00 « 633*66. 

F. Multiply the per-oentage of quartz by bulk, by its 
specific gravity. The product is the ratio of the quartz in 
the mixture by weight : — 

66-65 X 2-60 = 173-29. 

G-. To find the per-centage add these ratios together, and 
proceed by the rule of proportion : — 

633*65 + 173-29 « 80694. 
806-94 is to 633-65 as 100 is to 78*53. 

Hence, a mixture of quartz and gold, having the specific 
gravity of 8*067, contains 78*53 per cent, of gold by weight. 



MECHANICAL PfiEPAEATION OF 
GOLD OfiES. 

Crushing. — Although the amount of gold 
annually obtained by crushing auriferous quartz 
is small in comparison with that procured by the 
direct washing of various alluvial deposits, it is 
nevertheless necessary that the more common 
appliances by which the process is effected should 
be here described. These operations, however, are 
usually conducted by regularly established mining 
companies, and very rarely on the responsibility of 
an individual emigrant. The arrangements em- 
ployed for the grinding and pounding of mineral 
ores are extremely varied, although in every 
instance the principles involved are very nearly the 
same. Tn order to reduce the fragments of ore, as 
obtained from the mine, to the proper size for their 
subsequent mechanical concentration, large cylin- 
ders of cast iron, moving in contrary directions, are 
frequently used. In this machine (fig. 24), a b 
are the crushing rollers set in motion by steam or 
water power ; a, b, c, d, repreisent a strong fram- 
ing of cast iron firmly secured to a strong wooden 
frame- work by means of screw bolts. The bear- 
ings K, L| of the rollers are so arranged as to slide 
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in groovea, and consequently admit of the 
cylinders being either advanced closet to- 
gether, or separated at a greater distance 
from each other. To prevrait accidents from the pas- 
sage of lai^ pieces of stone too hard to be broken, 
a certain elasticity is given to the apparatus by 
means of the lever a, t, which by a sliding bar and 
the shonlder e constantly tends to keep the surfaces 
of the two grinding cylinders in contact, since its 
other extremily is loaded with a heavy weight, w, so 
adjusted as to snit the hardness of the mineral lo 
be broken. On passing between the roller, the 
crushed ores fall into the higher extremity of an 
inclined cylinder of coarse wire gauze. This being 
set in motion by the same power as the rollers 
themselves, divides the pulverized ore into two 
classes : the ore passing through the meshes of the 
trellis falls on the floor of the building, whilst the 
other portion, which is too lai^ to pass through 
the apertures, is carried out at the lower end of the 
cylinder, where it falls into the buckets of an 
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endless chain, by which it is again broaght to the 
level of the mill for the purpose of being re- 
crushed. 

Stamping, — When the minerals operated on 
require to be be reduced to a finer state of division 
than can be readily effected by means of the cylin- 
ders above described, they are usually pounded into 
small fragments by large pestles moved either by 
steam or water power. In tliis arrangement, 
which is called a stamping-mill, vertical wooden 
beams are so attached to large masses of cast iron, 
that when raised by cams placed around a 
moveable axle, and corresponding with tongues 
attached to the lifters themselves, they fall on the 
ore placed beneath them, and thus by repeated 
blows reduce it to a fine powder. The cams on 
the axle are so arranged in a spiral that each lifter 
shall give three blows during each revolution, and 
as soon as the first lifter in the series has been 
released from the cam, and begins to fall, the 
second cam on the spiral comes in contact with the 
tongue of the next lifter, and so on until each has 
in succession struck a blow, when the first lifter is 
again caught by the first cam belonging to the 
second system on the axle, when another series of 
blows is dealt by the moveable pestles. The lower 
portion of this arrangement, where the iron heads 
come in contact with the mineral to be broken, is 
enclosed in a large wooden trough, in which are 



90 MECHANICAL PREPARATION OP GOLD ORES 

openings filled with fine gratings, made by punch- 
ing small holes in thin sheets of soft iron. By 
means of a spout, a stream of water is made to 
flow constantly into this trough, and therefore, 
whenever fragments are reduced sufficiently to 
enable them to pass through the apertures of the 
grating, they are carried o£f by the water into a 
series of reservoirs prepared for their reception, 
and in which they are by subsidence deposited in 
a more or less finely divided state. 

The size of these stamp heads or pestles varies 
in accordance with the nature of the mineral to be 
broken, but their general weight is from 300 to 
400 pounds. In order to attach the iron heads to 
the wooden lifters, the former are provided with 
wrought iron shanks, which after being let into the 
ends of the beams, are kept in their places by 
shrinking on two stout iron collars. 

In some of the more modern stamping-mills 
both the axles and lifters are of iron, and in this 
case the upper ends of the lifters are kept in 
their places by iron collars, whilst the lower are 
fixed by keys into a square hole left in the head for 
that purpose. 

A great improvement on the old method of 
raising the lifters by means of cams in the way 
above described, has recently been made by Mr. 
Walker, of the City Boad, who, by the use of two 
series^ of carriers and endless chains, is, without 
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any increase in the power required to work tlie 
machine, enabled to increase the height of their fall 
to any required extent. In this arrangement (see 
vignette) the tongues on each lifter are caught by 
projecting links on the endless chains, a, once 
during every revolution of the handle, and then 
raised to the height of the second carriers, b, a 
little above the centre of which they are released, 
allowing the lifter and its attached iron head to fall 
heavily on the mineral placed beneath. The pro- 
jections on the links being in this way so arranged 
that each of the lifters may in rotation be raised 
and successively let fall, as in the case of the cam 
motion before described, it follows that a rapid 
succession of blows is struck, a second lifter being 
slightly raised from its bed at the moment the 
first is released, with its whole weight on the 
mineral placed below. 

The box in which the pestles are worked, as in 
the case of the older stamping-mills, is provided 
with fine gratings through which the pulverized 
ore is carried by a current of water, which is 
admitted through the trough. This is then con- 
ducted over an inclined table set in motion by 
the chain, Bj and here the richer and heavier 
portions accumulate, whilst the lighter are 
washed away. This machine, which consists of 
four lifters, each weigliing about one hundred 
pounds, requires the strength of two men to work 



92 MECHANICAL PREPARATION OF GOLD ORES. 

it, and constitutes an effective and very portable 
apparatus for the mechanical reduction of mineral 
ores, particularly if associated with a water-wheel or 
small steam-engine. 

Grinding, — When it is required to reduce the 
minerals operated on to a still greater degree of 
fineness, various kinds of mills and edge-stones 
are employed. In Mexico, where large quanti- 
ties of silver are annually obtained by amalgamation, 
the sands obtained from the morteros, or stamping- 
mills, are afterwards ground with water iu 
arrastrasy or grinding-mills, until reduced to the 
state of a most impalpable powder. These mills 
consist of a circular bed-stone of hard granite 
surrounded by a wooden tub, in the centre of 
which is supported a vertical shaft, which carries 
the muUers by which the grinding is effected, and 
kept in its place at its upper extremity by a hori- 
zontal beam, to which the upper pivot is attached. 
This vertical axis is traversed by two horizontal 
arms by which the granite mullers are supported \ 
and to the extremitv of one of these, which is left 
longer for that purpose, are attached the two 
mules by which, when water-power is not to 
be obtained, the machine is set in motion. 

In place of this machine, a mill of a very primi- 
tive construction is frequently employed. To con- 
struct this apparatus, a situation is chosen where a 
small stream of water can be procured^ and a fall of 
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some eight or ten feet be obtained : here a circular 
well is constructed of the whole depth of the fall of 
water, and of from five to six feet in diameter. In 
its centre is supported a perpendicular wooden 
shaft, turning at its lower extremity on a bearing 
let into a large block of stone, and secured at the 
other end bv a circular wooden coEar. This shaft, 
at a short distance above its lower bearing, passes 
through the centre of a rudely-constructed wooden 
wheel, around the circumference of which are 
arranged several spoon-shaped float-boards, making 
altogether a wheel of about five feet in diameter. 
These are arranged around the axle in a some- 
what oblique direction, and are set in motion by 
the stream of water falling with considerable 
impetus against them. The upright axis passing 
through the centre of the well is continued about 
six feet above its surface, and at about half this 
height is inserted a horizontal arm, which serves 
as a spindle for a large granite edge-stone, which 
is made to revolve in an annular trough formed 
either of the same material or of extremely hard 
wood. The stamped ore which is placed in this 
trough is here gradually bruised down by the 
weight of the heavy stone rolling on its edge con- 
tinually over it, and is either taken out and sifted 
in the dry state, or ground into an impalpable 
paste with a certain quantity of water. 

In the latter case, the circular trough in which 
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the stone revolves is provided with a small aper- 
ture a little below its edge, and from this the 
finer particles of ore are carried off in suspension 
by a current of water constantly flowing through 
the apparatus. The fine particles of ore thus re- 
moved are conducted through a series of pits, 
where they are allowed to settle, and from which 
they are subsequently withdrawn for the purpose of 
amalgamation. 
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Before describing the various methods by which 
this is effected, it will be necessary to explain the 
principles on which all such operations are based. ^^* 
If we let fall into a liquid in a state of repose ^^< i.^^A 
bodies of various forms, sizes, and densities, it is ^ 

evident that the amount of resistance which they 
experience in their fall will be very unequal, and, 
consequently, that they will not arrive at the 
bottom of the liquid at the same time. This, then, 
produces a classification of the fragments, which 
becomes very evident on examining the order in 
which they are deposited. 

In the first instance, let us suppose that the 
fragments have the same form and dimensions, and 
that they differ from each other in their densities 
only : since the resistance that a body will experi- 
ence in moving through a liquid medium depends 
entirely on its form and the extent of its surfaces, 
and is in no way affected by its specific gravity, it 
follows that all substances will lose, under similar 
circumstances, an equal amount of their moving 
force. 

This loss is more sensible, however, in those sub- 
stances which possess this power of movement in a 
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less degree ; or, in other words, it will be propor- 
tionably greater in light bodies than in those 
having a more considerable density. The former, 
for this reason, fall through the liquid with less 
rapidity than the denser fragments, and must con- 
sequently arrive last at the bottom; so that thfe 
deposit will be composed of different strata, ar- 
ranged in direct relation to their various den- 
sities, the heavier being at the bottom, and the 
lighter at the top of the series. 

If, on the contrary, we suppose that all the 
bodies that fall through the fluid possess similar 
forms and equal specific gravities, and that they 
only differ from each other in point of volume, it 
is evident that their rapidity of motion will be in 
proportion to their size, and the larger fragments 
will be deposited at the bottom of the vessel. 

Since, at starting, we have supposed them to 
have the same form and density, it follows that the 
resistance which they experience in their descent 
through the water will be in proportion to the 
surface exposed ; and as the volumes of bodies vary 
according to the cubes of their corresponding 
dimensions, whilst the surfaces vary only as the 
squares of the same measurements, it follows that 
the force of movement animating them is regu- 
lated by their cubes v^, whilst their resistance is 
in proportion to their squares v^ ; thus showing 
that the size of the fragments augments their 
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descending force with much greater rapidity than 
the resistance offered by their surfaces. 

If, in the last place, it be imagined that the 
fragments have all the same volume and density, 
but are of various forms, it follows that those 
which possess the largest amount of surface will 
arrive last at the bottom, and consequently the 
upper part of the deposit will consist of the 
thinnest fragments. 

It is, then, evidently of the greatest importance 
that the grains of ore which are to be concentrated 
by washing should be as nearly as possible of the 
same size, as otherwise the smaller surface of one 
fragment, in proportion to its weight, will in a 
measure compensate for the density of another 
grain, and thus cause it to assume a position in 
the series to which, by its constitution, it is not 
entitled. 

This difficulty is found to constantly occur in 
practice ; and, in order to obviate it as much as 
possible, care is taken to separate, by means of 
sieves, into distinct parcels, the fragments which 
have nearly the same size. Although, however, 
the grains of ore may in this way be to a certain 
extent classified in accordance with their respective 
dimensions, it is evidently impossible, by any me- 
chanical contrivance, to regulate their forms, which 
must in a great degree depend on the natural 
cleavage of the minerals operated on, and there- 
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fore this circumstance must always, to some extent, 
affect the result obtained. 

From what has been said it is evident that each 
of the broken fragments of ore must belong to one 
of the three following classes : — ^The first consists of 
those particles which are composed of the substance 
sought without any mixture of matrix or earthy 
matter. The second ^dll comprehend all the frag- 
ments which are made up of a mixture of ore and 
earthy matters ; whilst the third division will be 
composed of earthy gangue, without any admix- 
ture of ore. By a perfectly successful washing, 
these three classes would be entirely separated 
from each other, but in practice this state of per- 
fection is of course seldom attained. The same 
I principles which regulate the fall of solid bodies 
; through a liquid medium in a state of rest, are 
. equally applicable to their removal by the action of 
t a stream of running water ; and on these facts are 
based all the various contrivances applied to the 
mechanical concentration of mineral ores. 

Prom the great difference of density existing 
between the particles of gold and the siliceous and 
ferruginous gravel with which it is commonly asso- 
ciated, its separation from these bodies becomes 
an extremely simple operation. The methods prac- 
tically employed for the purpose of eff'ecting this 
object vary both with the locahties in which the 
operation is carried on, and also in accordance 
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with the nature and composition of the matrix 
with which the gold is associated. In some parts 
of South America, where hand-washing is exten- 
sively practised, the instrument employed is a round 
iron or zinc pan, from which the lighter and stony 
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matters are carried off by suspension in water: 
the residuum thus obtained contains the greater 
part of the gold present in the soil, which is sub- 
sequently separated by amalgamation or other- 
wise. In Hungary, in place of the pans above 
described, the washing of auriferous sands is con- 
ducted on inclined tables traversed by a number 
of transverse grooves. The inclination of these 
tables varies in accordance with the nature of the 
mineral treated. The sand to be washed is placed 
in the first groove of the series, and there exposed 
to a current of water until the gold, together with 
a small portion of ferruginous sand, alone remains 
in the furrows. The matrix is now removed into 
flat wooden basins, where the impurities are gra- 
dually separated by repeated washings. 

In Brazil the method of proceeding ^nciesit^' : 
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employed was to open a square pit in the sdl 
until the cascalho or anriferoos stratum was at- 
tained. This was then broken np and placed in 
slightly inclined wooden vessels narrower at the 
bottom than at the top. These cases were exposed 
to the action of a stream of running water, and 
• briskly shaken from side to side until the whole 
f of the earth had been washed away, and the me- 

tallic particles alone remained. All these workings 
were situated either in the dried-up beds of rivers, 
or on the table-lands over which a stream of water 
had at some period flowed. At the present time, 
instead of opening the ground by manual labour, 
and afterwards carrying the auriferous gravel to 
the nearest stream for the purpose of being washed, 
the water is conducted directly to the mining 
ground; and by thus washing away the mould, and 
exposing, without the trouble and expense of trans- 
port, the cascalho to the action of a stream of water, 
great economy of labour is evidently effected. 

From the simplicity of the operations required, 
river mining, or rather washing, is the most easily 
and cheaply carried on ; and consequently by far 
the greater proportion of the streams known to be 
auriferous have been wrought in some part of 
their courses. When gold is found in veins it is 
not often laid bare by subterraneous excavations, 
: but is more frequently explored by means of open 
: (jittihgs iaade by clearing away the soil from the 
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surface. The washings of this kind in the vicinity 
of St. John del Eey were formerly very rich, but 
have of late years much diminished in importance. 
The principal dicing in this locality is now situated 
on the eastern side of the hill, in immediate 
proximity to the town, and consists of an open 
area, of which three sides have been excavated in 
the rock, whilst the fourth, which fronts the west, 
is left open. The rock here consists either of 
sandstone or indurated clay, more or less mixed 
with mica, and is wrought by the aid of numerous 
streams of water divided into small rivulets, and 
conducted down its sloping sides. In working the 
mine, the loosened soil is thrown into these chan* 
nels, and kept in suspension by constant agitation 
with shovels until it reaches a pit sunk at the 
bottom of the excavation, and in which the auri- 
ferous, and consequently the heavier, particles are 
deposited. This well is occasionally emptied, and 
its contents subjected to a second series of wash- 
ings, by which the particles of gold are finally 
obtabed in a state of greater or less purity. By 
this way of mining, large masses of gold (called 
caldeiros) are occasionally met with ; but in most 
instances the chief supply of the precious metal is 
obtained by the repeated washings of the sands 
collected in reservoirs situated at the bottom of the 
excavation* 

In the district of Lower Farahybuna, large 
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quantities of auriferous sand are annually dredged 
from the bottom of the rivers by windlasses and 
iron scoops. The sands thus obtained are received 
in canoes, to each of which is allotted a gang of 
four blacks, three of whom superintend the work* 
ing of the boat and the management of the dredge, 
whilst the fourth stands on a platform ready to 
receive the sand brought up by the iron scoop. 
These boats seldom collect above three-quarters 
of an ounce of gold each, in the course of a day's 
work, although the quantity of sand obtamed is 
extremely large. 

In the neighbourhood of Villa Eica, once re^ 
markable for its richness in this metal, various me-* 
thods of extraction are still adopted, since not only 
the auriferous sands are subjected to a careful 
washing, but numerous drifts and levels have been 
extended into the softer parts of the mountains. 
Both these excavations and the river washings are 
entirely conducted by negroes. When.- at work, 
these gold-washers are each dressed in a leathern 
jacket, and furnished with a large wooden bowl 
about two feet in diameter, and nearly one foot in 
depth; before them is also tied a leathern bag, for 
the reception of the particles of gold dust which 
they may collect. The localities generally chosen 
for these washings are those parts of a river in which 
the water does not flow with too great rapidity, and 
where it forms deep holes, and makes numerous 
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bends. The large stones and upper layers of sand 
are first removed, and the bowl is then filled with 
the deeper and older grayel of the river, which is 
shaken and washed, and the stones and sand on the 
top scraped off, until the grains of gold, together 
with a little ferruginous sand, alone remain at the 
bottom of the vessel. This residue is now mois- 
tened by a little water thrown on by the hand, and 
washed into the leathern bag before mentioned. 
Instead of operating in this way, the final washing 
of auriferous sands is often conducted in long shal- 
low troughs, the bottoms of which are sometimes 
covered with skins tanned with the hair on, and 
placed with the grain against the current of water 
flowing over the tables. In place of employing 
skins for this purpose, coarse baize is sometimes 
used; but in either case the moveable lining is at 
short intervals removed from the case, and beaten 
over a tank containing about two feet of water : it 
is afterwards carefully washed in the same vessel 
until the last traces of the gold are removed, after 
which it is again replaced in the trough. In 
order to obviate the inconvenience of having to so 
frequently remove the baize cloths or skins from the 
bottoms of the washing vessels, an endless web, 
either of skin or coarse cloth, has of late years been 
employed with considerable advantage. When 
this arrangement is used, it is made to move 
by means of rollers set in motion by the water 
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wheel, used for the purpose of stamping the ore, in 
a direction opposite to that of the stream of water 
flowing on the table. Between the two rollers 
on the upper side, this web is supported on a 
wooden table; but when it has turned over the 
upper roller, it falls down loosely, and is drawn 
through the vessel of water, where the gold is 
washed off and accumulates. 

To prevent theft, the tanks in which the gold 
is deposited are carefully locked up during the 
night ; and when they have become full, their con- 
tents are carefully washed (often in hand-bowls,) 
until nothing but the gold, mixed with a greater ot 
less amount of ferruginous sand, remains. 

This residue, whilst in a damp state, is now inti- 
mately mixed with a small quantity of metallio 
mercury, which combines with the particles of gold, 
and leaves the oxide of iron free. The semi-fluid 
amalgam, which is readily separated from the oxide 
of iron and other impurities which float on the top, 
and are scraped off, is now carefully folded in a 
closely-wove cloth, and wrung until about two- 
thirds the quicksilver originally added has been 
separated in a free state. What remains is gene- 
rally placed in a metallic dish, covered by another 
provided with a spout, for the collection of the 
sublimed mercury. In this way a considerable 
quantity of mercury is obtained ; and the gold, 
in the form of a dirty-looking brown mass, still 
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rd;ainiiig a certain proportion of mercury^ remains 
in the bottom of the dish. 

In the Ural districts^ from whence, notwith- 
standing the extreme poverty of the auriferous sands 
there found, the chief annual supply of gold has to 
within a very recent period been obtained, the 
methods of washing employed are very various. In 
some cases the auriferous sands are thrown into 
boxes, of which the bottoms are composed of thin 
sheet iron, pierced with numerous small holes; 
these are placed immediately under a considerable 
faU of water, and the mineral kept constantly agi* 
tated by workmen, who keep it stirred with shovels. 
By this treatment the finer particles are carried 
through the apertures in the bottoms of the boxes, 
and fall on a series of sloping tables, on which the 
workmen constantly brush the ore from the foot to 
the head of the arrangement with a small heath 
broom, and there the particles of gold and other 
heavy substances accumulate. The sand, after 
having been thus concentrated and separated from 
the lighter matters, is further enriched by a second 
washing on a series of tables of smaller dimensions. 
The titaniferous iron, together with the magnetic 
oxide of iron, which is invariably present, is now 
partially separated by the aid of a powerful mag- 
netic bar, and the residue subsequently fused in a 
graphite crucible, with a mixture of carbonate of 
soda and nitre, to which borax is sometimes added. 
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From its greater density, the gold collects at the 
bottom, whilst its surface is covered by a more 
or less liquid slag, which retains numerous globules 
of metallic gold. This scoria is afterwards stamped 
and washed, and the rich slimes thus obtained are 
subsequently fused in a cupola furnace, together 
with lead ores j the auriferous lead thus obtained 
is ultimately treated by cupellation. Instead of 
washing the auriferous sands by means of wooden 
vessels with perforated iron bottoms, many of the 
workings for gold in the Ural mountains are 
conducted by the aid of the washing cylinder re- 
presented in the frontispiece. This machine con- 
sists of a cylinder of sheet iron a, pierced with holes 
of about half an inch in diameter, and strengthened 
on the inside by a strong iron trellis. The cone, 
which may be about 8 feet in length, and has a 
mean diameter of about 3 feet 6 inches, is larger 
at one extremity than at the other, and is fixed on 
a spindle capable of being set in rapid motion 
by means of a train of wheels, worked by the 
horse gin b, securely fastened to the ground by 
strong oak or other sleepers. The auriferous sands 
to be treated are brought in waggons running on 
iron rails to the hopper c, from whence they fall 
into the moveable cylinder through the aperture 
formed by its smaller circumference. At the back 
of the arrangement is a double pump d, set in mo- 
tion by a crank on the shaft, which communicates 
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m(^ion from the gin b to the cylinder a. This 
pmnp raises water from a well or some other con- 
venient source, to the cistern b, from which it is 
conducted by means of four iron pipes into the 
cylinder a; these pipes enter the cavity of the drum 
through the two open ends, and are so arranged 
with regard to length as to afford a nearly equal 
supply of water throughout its whole capacity. 
When set in motion, the perforated cylinder makes 
from thirty to thirty-five revolutions in a minute, 
and consequently throws, by its centrifugal action, 
the water and finer particles of sand and gravel 
through the numerous perforations which it con- 
tains; whilst the pebbles and other fragments, 
which are of too large a size to pass through the 
holes, are carried off through the larger end of the 
cylinder, and there fall into a box not shown in the 
drawing. This receptacle will contain any nu^ets 
which may have been present in the sands ; and 
as, bypassing through the cylinder, they will have 
been washed perfectly clean, they may now be 
readily seen and picked out. The sand and water, 
after having escaped through the apertures in the 
drum, fall on the inclined platform p, which is pro- 
vided with numerous horizontal bars, for the pur- 
pose of separating the heavier from the lighter 
portions of ore. From this platform the current 
fbws on to the concave table h, also provided with 
checks, in the form of wooden bars, nailed across 
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it at distances of about 8 feet from each other* 
The sands which have arrived at this part of the 
table are now kept constantly agitated by the 
wooden pendulums 1. 1', provided at their lower 
extremities with frames made to suit the concavity 
of the table^ and fitted with flattened teeth, like 
those used in some kinds of farming implements. 
These pendcdnms are made to swing by means of 
the rods k^ driven by the crank o^ and are so ar- 
ranged as to move constantly in opposite directions. 
In this way the operation is continued^ until a con- 
siderable accumulation of rich auriferous sand has 
taken place at the upper part of the tables^ where, 
being retained by the horizontal slips of wood, it 
remains ; whilst the lighter matters are carried oif 
by the current of water to the lower end of the 
table H, from whence they are either made to pass 
over a fresh series of tables, or if, as is usually the 
case, they are found to be sufficiently impoverished, 
they are allowed to run entirely away. 

When a sufficient accumulation of rich auriferous 
sand, called grey schlich, has taken place behind 
the various check-boards nailed across the tables, 
it is carefully collected for the purpose of further 
concentration on small inclined tables. These con* 
sist of wooden troughs, figs. 26, 27, of about 9 feet 
in length, and 3 feet 6 inches in breadth, provided 
with a head board, as shown in the sketch, fig. 26, 
and in which a constant and very equal flow of wates 
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is obtained, by the use of the boards ab. The schlich 
to be washed has to be placed at h, and an equal and 




very light (gentle) current of water allowed to flow 
over its surface, whilst it is being constantly moved 
by a small wooden rake, or heath broom, towards the 
head of the arrangement. By skilful treatment in 
these tables, or fine washing as it is called, thegold 
may be almost entirely separated from the associated 
sterile matters, and may then be treated either by 
amalgamation or direct fusion. The cylindrical 
machine above described is, when driven by three 
bullocks, or two good horses, capable of passing 
120 tons of alluvial sand in the course of an or- 
dinary working-day of ten hours. The sand is thus 
concentrated to about two tons, which are washed, 
as before described, on small inclined tables. 
With a small machine of this description, one 
man may, without aid, readily wash at least ten 
tons of sand and gravel per day. Nothing need 
be fcaid of the efliciency and economy of these 
machines, when it is stated that the sands of the 
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Ural rarely contain above eighty grains of gold to 
the ton of mineral, and are nevertheless advanta^ 
geously treated by this and various similar^ though 
slightly modified anrang^nents. 

The gold-mining associations hitherto carried on 
in Australia have for the most part been conducted 
on a very rude scale, but many extensive and well- 
appointed establishments have already commenced 
their operations in different localities. The vessels 
at first made use of, for the purposes of washing, 
were tin pans, although a rude machine, called a 
cradle, was also very extensively used. This consists 
of a wooden trough, six or eight feet in length, 
across the bottom of which, two pieces of wood, 
serving as rockers, are nailed. At the head of the 
arrangement is placed a coarse grating on which the 
sand to be washed is charged ; the bottom of the 
cradle is also provided with a few transverse pieces 
of wood, serving the same purpose as those in the 
large cylinder machine above described. 

To work this apparatus four men are required ; 
one breaks the ground and collects the auriferous 
sand, another carries it to the washing-place and 
deposits it on the grating, a third violently rocks the 
trough, by means of an upright handle nailed 
against the side, whilst the fourth attends to the 
supply of water and tlie regular washing of the ore. 
The coarser gravel and large stones are prevented 
from entering the trough by the grating at the top ; 
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the earthy matters are washed off by the current 
of water escaping at the lower end, where there is 
an opening left for that purpose, whilst the gold, 
mixed with a small quantity of ferruginous sand, 
coDects on the higher parts of the trough, which 
in its whole length has an inclination of three or 
four inches. 

At the close of the operation, the gold, together 
with the ferruginous particles, is collected in a tin 
pan, and after having been dried in the sun, the 
lighter portions are removed by blowing strongly 
on the mixture. 

When gold exists in veins which at the same 
time produce other metals — such as silver, lead, or 
copper — the ore is at once treated for those metals 
with which, the gold combines and forms an alloy, 
and from which it may be afterwards separated by 
various metallurgic processes. If, in addition to 
gold, the mineral also contains lead, auriferous lead 
is obtained, which is subsequently treated by cupel- 
lation. When copper ore contains gold, either 
the black copper obtained by its metallurgic treat- 
ment is subjected to a process called liquation, 
or the matts produced by direct fusion are made 
to undergo a process of amalgamation. The sepa- 
ration of gold from silver is effected by the opera- 
tion of parting. 

Amalgamation of Gold Ores. — In the Tyrol, 
and in some other localities, where small quantities 
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of gold are estrected by amfilganiBtion, from an 
auriferous iron pyrilea, the operatiou is conducted 
in a kind of mill, of which fig. 28 is a repreaen- 
tatiou. 



A number of these machines are so arranged, 
one above another, that the products escaping from 
the first may Sow into the second, and so on 
throughout the whole length of the series. The 
pyrites to be treated is first reduced by stamping- 
mills to the state of fine powder, and whilst held 
in suspension in a stream of water is conducted 
into the upper mill by the spout 8, and flowing 
through it, escapes by the siioot S" into the second, 
from which it is subsequently conducted into others 
not shown in the woodcut. 

The fixed part of these mills consists of a cast 
iron basin, a, i, c, d, fastened by screws to the top 
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of a strong woodeu table, a. The centre of this 
casting is furnished with a tubulature traversed 
by the rotating axis x x\ and set in motion by the 
toothed wheel w w\ The upper and moveable 
part of this arrangement,//', is composed of hard 
wood, and fixed to the upright spindle by the iron 
collar, g g\ This moveable part of the mill has 
externally the same form as the internal cavity of 
the fixed iroji casting, from the surface of which it 
works at the distance of about half an inch ; it is 
also furnished with several raised ribs nailed to its 
under ^de, and which come almost in contact with 
the bottom of thq iron pan. 

The upper surface of this wooden muUer is hol- 
lowed out in the form of a funnel, into which is 
conducted the liquid slime, which quickly penetrates 
into the space remaining between the surfaces of 
the upper and lower parts, and then flows from the 
basin by a spout adapted for that purpose. On 
the bottom of the iron pan is placed about half a 
hundred weight of mercury, which forms a stratum 
of rather more than half an inch in thickness, and 
with which, when the machine is set in motion, the 
pounded mineral is constantly agitated by the pro- 
jections nailed to the bottom of the revolving block 
of wood. The spangles of gold are thus instantly 
dissolved the moment they come in contact with 
the mercury, while those which escape combination 
in the first mill of the series are arrested by the 

I 
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others througli which the mineral has afterwards to 
pass. 

After this apparatus has been at work dnring 
fool or five consecutive weeks, the mercury is 
drawn off, and filtered through a piece of chamois 
akin, forthe purpose of obtaining the solid amalgam. 
This usually contains about one-third of its weight 
of pure gold, which is obtamed by a process of 
distiUatioii by which the quicksilver is eliminated 
and the gold remains behind in the form of a me- 
tallic spongy mass. 

When the amalgamation of the enriched aurife- 
rous sand or " black schlich," as it is called, is to 
be performed by manual labour, the airang^nent, 
fig. 29, may be convenientiy employed for the par- 
pose. This consists of a cylindrical vessel of sheet 
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iron «, through the centre of which passes a 
spindle of the same metal carrying the perforated 
agitator b, which is readily turned by means of the 
handle c. 

To make an amalgamation with this con- 
trivance, a smaU quantity of mercury is first poured 
into it> and kept constantly agitated by the stirrer 
h, whilst the ore to be amalgamated is added in 
successive small portions. When the operation is 
supposed to be completed, the matters floating on 
the top of the bath are skimmed off; the liquid 
amalgam is strained through a leathern bag, by 
which the solid amalgam is separated from the 
mercury, which is squeezed through the pores of 
the skins. The mercury thus separated is set aside 
to be employed in other processes of amalgamation, 
whilst that which remains in the form of solid 
amalgam is separated by distillation at a high tem- 
perature in a cast iron vessel prepared for tha 
purpose. A convenient form of apparatus to be 




30. 
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employed is that represented^ fig. 30. It consists 
of a cast iron globe a, made in two parts^ and 
capable of being joined together in the middle by 
a flange and screw nuts; into the upper hemis- 
phere is tapped a curved piece of gas-pipe i, which 
serves to carry ofif the sublimed mercury to the 
condenser. When used, the two hemispheres of 
which the globe is composed are separated, and 
the compressed amalgam introduced; the two 
halves are now again closed/ and heat is gradually 
applied, care being first taken to place a small 
vessel of water below the orifice of the tube b^ 
into which its end is allowed to dip for a short 
distance. When this has been done the globe 
is heated either by a wood or coal fire : for 
this purpose it may be conveniently supported at a 
short distance from the ground on two or three 
refractory bricks. Attention must also be paid to 
prevent the end of the iron pipe from being 
allowed to dip too deeply into the water, as, if 
this were allowed, the liquid might, in case of the 
temperature of the ball being slightly lowered, rise 
into its cavity and cause an explosion. Tor this 
reason, then, the end of the pipe, h, should only just 
touch the surface of the water. At the close of 
the operation the mercury found at the bottom of 
the vessel of water is collected to be used for future 
amalgamations, and the impure gold remaining in 
the retort a, treated according to directions which 



APPARATUS EMPLOYED. 117 

vnH be shortly given. The lighter substances skim- 
med from the surface of the amalgam previous to 
its introduction into the leathern bag are^carefoUy 
assayed^ and should they contain an appreciable 
amount of gold, they are first subjected to a series 
of washings, and then added to the auriferous in- 
gredients employed in the next process of amalga- 
mation. 

The apparatus fig. 29, besides being available 
for the purposes of amalgamation, may also be 
employed as a washing vessel, and in this case 
forms a contrivance known by the name of a 
dolly 'tub. When thus used it is nearly filled 
with water, and the agitator kept in constant 
motion by one man, whilst another throws into 
it, in small portions at a time, the auriferous sands 
which are to be subjected to its action. As soon 
as the whole of the ore has been thus introduced, 
the cross-bar through which the spindle works is 
withdrawn, and the agitator, 3, rapidly removed. 
The particles held in suspension, on being thus 
allowed to follow the impulses of their respective 
densities, will arrange themselves on the bottom of 
the tub in accordance with their weights, and con- 
sequently, the gold, together with all the heavier 
particles, will sink to the bottom of the series, 
whilst the lighter fragments are deposited last. 
After the solid particles have completely subsided, 
the water is drawn oflf by the tap, rf, and the upper 
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and lighter portions of the deposit scraped off and 
thrown away; the heavier portions, on the con- 
trary, must be collected for the purpose of being 
further concentrated, either by a repetition of the 
same operation, or by being washed in a hand- 
bowl, or on an inclined table. This apparatus as 
a washing machine, is, however, less to be recom- 
mended than many others which have been de- 
scribed, but as it is applicable to the two purposes 
above referred to, as well as constituting a light 
and efficient water-tank, it is not without claims on 
the attention of the emigrant. In connection with 
the washing of aariferous ores a small portable 
hand-pump may often be conveniently employed, as 
it not only affords the means of readily 
removing any water from the work- 
ings themselves, but through its aid 
a supply may frequently be ob- 
tained by sinking a shallow well into 
the clay, on the surface of which the 
auriferous gravels are commonly found. 
One of the most convenient forms for 
a pump of this description, is that 
represented (fig. 31), in which the 
tube a, so slides in that marked d, as 
to form a telescope-joint, which is 
readily made tight by a small quan- 
tity of stiff clay, firmly pressed into 
the funnel-shaped end of the larger 
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pipe. Such a pump will be found extremely con- 
venient for the removal of the water which 
accumulates in the pits from which auriferous 
sands are extracted. 



METALLUEGY OF GOLD. 

Fusion of Gold Dust. — The most simple me- 
tallurgical operation comiected with the treatment 
of gold ore is the melting down into ingots of the 
gold dust obtained by the mechanical treatment of 
the various gold-bearing deposits. This may be rea^ 
dily effected in ordinary black-lead crucibles, which 
can be either treated in the furnace represented figs. 
7 and 8, or in a round pot furnace, such as is used 
by brass-founders for the fusion of the various alloys 
of copper. Before the gold is introduced into the 
pot (which should be previously heated to redness) it 
must be mixed with a little dry borax, and as soon as 
the complete fusion of. the mixture has taken place, 
the slag, which will be found floating on the sur- 
face, is thickened by the addition of a little lime or 
bone ash, and carefully skimmed off. The pot is 
now removed from the fire by the aid of powerful 
tongs, which grasp it firmly on the outside, and the 
metal rapidly poured into a cast iron mould pre- 
viously warmed, and slightly greased on the inside. 
Instead of employing borax alone, a mixture of 
borax and corrosive sublimate is sometimes used : 
the advantages of the addition of this substance 
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are, however, extremely problematical, as its only 
effect on the results obtained would appear to be 
entirely due to the mechanical action communi- 
cated to the mixture by the volatilisation of the 
mercurial salt. When the gold dust operated on 
contains a considerable quantity of the more oxidis- 
able metals, the addition of a small amount of nitre 
will be found advantageous. The slags skimmed off 
from the surface of the liquid metal, as well as the 
pots in which the fusions have been conducted, are 
subsequently ground down, and subjected to a 
careful mechanical preparation. The auriferous 
sohlich thus obtained is afterwards fused with 
various substances yielding lead, and the resulting 
alloy treated by cupellation. 

Smelting Gold Quartz, — ^From the great de- 
gree of infusibility exhibited by silica, of which 
sand ana quartz are almost entirely composed, the 
process 6i smelting gold ores, — that is to say, of ex- 
tracting from them the metal by direct fusion, 
instead of first effecting their concentration by me- 
chanical means, has hitherto failed in its application. 

A process has, however, been recently secured 
by patent, which is stated to be extremely suc- 
cessful in the separation of gold from the siliceous 
gangue with which it is commonly associated. 
The ores to be treated by this method are first re- 
duced to the state of a fine powder, and then fused 
with a mixture of lime and oxide of iron with which 



122 METALLURGY OF GOLD. 

the silica combines^ giving rise to the produc- 
tion of various fusible silicates or slags. Into 
the fused mass thus obtained^ plates of wrought iron 
are from time to time introduced^ and again 
withdrawn as soon as a thin deposit of metallic gold 
has taken*place on their surfaces. As soon as these 
iron plates are removed from the fused ore they are 
plunged into a vessel of melted lead, by which the 
gold is dissolved off, and the iron plate is again 
placed in the furnace. It is stated, that by the 
continued repetition of these manipulations the 
whole of the gold is extracted from the ore, and 
that this is effected at a considerably less cost than 
is incurred by the usual processes of washing and 
amalgamation. Whether this process will really be 
found applicable to manufacturing purposes, expe- 
rience alone can decide. 

It was some years since proposed by a Eussian 
gentleman called Anossow, to smelt the auriferous 
sands of the Ural mountains with iron, or iron ore^ 
instead of subjecting them to the various processes 
of washing, by which they are at present treated. 
The auriferous cast iron thus obtained was dissolved 
in sulphuric acid, and the gold remained in the form 
of an insoluable residue in the bottom of the vessel in 
which the attack was made. This process, although 
stated by the inventor to be extremely eco- 
nomical, was never practically applied ; and, in 
spite of the assertions made to the contrary, 



SMELTING GOLD QUABTZ. 123 

its success, if attempted, would be extremely 
doubtful. 

The usual method of smelting auriferous ores, 
when they are sufBciently rich to admit of being me- 
tallurgically treated, is to fuse them either with me- 
tallic lead, or with some compound capable of 
liberating that metal during the elaboration of the 
charge in the furnace. The materials most com- 
monly employed as sources of lead in the smelting 
of gold ores, are litharge and galena, although the 
rich slags obtained both from the smelting furnace 
and ore-hearth are also occasionally used. In all 
these cases, the lead produced acts at elevated tem- 
peratures on the particles of gold in precisely the 
same way aa the globules of mercury in the ordinary 
process of amalgamation. The auriferous lead, 
so prepared, is subsequently subjected to cupella- 
tion, and the gold is thus obtained either in a free 
state or in combination with a certain amount of 
silver, from which it may be separated by the 
operation of parting. When litharge is chosen as 
the medium for the introduction of lead into the 
furnace, it will be sufficient to add with it about 
five per cent, of small coal or coke-dust, in order to 
determine the reduction of the necessary quantity 
of lead ; but when galena is employed, it is neces- 
sary to charge into the furnace a certain quantity 
of scrap iron, by the action of which the lead is 
set freCi 
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The furnaces used for this purpose may be either 
of the reverberatory form, such as those employed 
in the English method of copper-smelting, or may 
resemble the ordinary slag-hearth, in which the 
lead is extracted from the slags of the smelting 
furnace and ore-hearth. The choice of the form of 
furnace to be used, as well as the nature of the 
fluxes to be employed, must not only depend on 
the nature of the mineral treated, but also on va- 
rious local circumstances, with which the metallur- 
gist must make himself acquainted. As a general 
rule, however, the fuel employed for the reverbera- 
tory furnace should be pit coal ; and consequently, 
in situations where this is not to be readily procured, 
the blast-furnace and charcoal must be used. Those 
ores which contain large quantities of quartz 
(silica) are rendered more fusible by the addition of 
bases such as lime or oxide of iron ; whilst ores 
in which oxide of iron and lime predominate, are 
rendered more easy of fusion by the judicious ad- 
mixture of clay or siliceous sand. It may also be 
remarked, that, when the reverberatory furnace is 
not used, the addition of oxide of iron as a flux 
must be as much as possible avoided ; since, in the 
blast furnace, a certain quantity of that oxide is 
invariably reduced, and unites with the other 
metals present. 

Instead of employing lead as the means of con- 
centrating the ores of gold, iron pyrites is some- 
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times the agent employed. This mineral, on being 
exposed to an elevated temperature, loses exactly 
one-half its sulphur, and becomes converted into a 
readily fusible sulphide, which has the property of 
uniting with the gold present, and separating it 
from the associated gangue. When, then, gold 
ores — such, for instance, as auriferous quartz — are 
fused in a small cupola furnace with iron pyrites, 
which may itself likewise contain gold, the sul- 
phide of iron unites with the greater portion of 
the gold present, and forms a heavy regulus, or 
^'matt,^' which subsides beneath the surface of the 
slags and scorise produced by the fusion of the 
earthy and siliceous gangue of the mineral 
treated. The matts thus obtained are subsequently 
roasted, so as to deprive them of a further portion 
of their sulphur, and again fused with fresh por- 
tions of the ore to be treated. 

By operating repeatedly in this way, matts very 
rich in gold are ultimately obtained ; and on fusing 
these with litharge; or a mixture of galena and 
metallic iron, the gold is abandoned to the liberated 
lead, from the top of which the impoverished sul- 
phide is readily skimmed off. The rich lead thus 
obtained is afterwards treated by cupellation. 

Cupellation on the large scale, — The extraction 
of the silver and gold contained in rich lead is con- 
ducted on a cupel forming the bottom of a pecu- 
liarly arranged reverberatory furnace. In this 
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operation, the litharge produced, instead of being 
absorbed by the substance of the cupel, as in the 
case of gold and sQver assays, is m^ off in a fluid 
state. The fire-place of a cupelling or test fur- 
nace is usually about 2 feet in breadth, aad 2 feet 
6 inches in length. This is separated from the 
body of the furnace by a fire-bridge 18 inches in 
breadth, so as to allow the flame and heated air to 
pass directly over the surface of the cupel, from 
whence it escapes through separate flues into a 
high chimney. The cupel, or test, consists of an 
oval iron frame, surrounded by a ring 4 inches in 
depth ; its greater diameter may be about 4 feet, 
and its lesser 2 feet 6 inches. This frame, in order 
to afford a better support for the bottom of the 
test, is provided with four or more cross bars, 
which are 4 inches in width, and half an inch in 
thickness : the first of these is placed 9 inches 
from the fore-part of the ring, and the others at 
about equal distances between this bar and the 
other extremity of the rim. This test-frame is now 
beaten full of finely-powdered bone-ash, slightly 
moistened with water, containing a small quantity 
of pearlash, which has the property of giving con- 
sistency to the bone-ash when heated. The centre 
of the cupel, when the ring has been well filled with 
this mixture, and solidly beaten down with iron 
rammers, is scooped out with a small trowel, until 
the sides are left 2 inches in thickness at top, and 
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8 inches at bottom; whilst the thickness of 
the sole itself is reduced to 1 inch above the surface 
of the iron cross-pieces. 

At the fore-part of the test, called the breast, the 
width of the border is increased to 5 inches ; and a 
space is here cut through the bottom, which com- 
municates with the passage or gateway by which 
the fluid litharge makes its escape. The test, when 
thus prepared, is placed in the refinery furnace, of 
which it forms the bottom, and is firmly wedged at 
its proper height against an iron ring, built into 
the masonry of the furnace, 

Wl^en this furnace is first lighted it is necessary 
to apply the heat with considerable caution, since 
if before the test had become sufficiently dry it 
were suddenly exposed to too high a temperature, 
it would be liable to split and fall to pieces. As 
soon as the test has in this way been raised to a 
cherry-red heat, it is nearly filled with the rich lead 
to be operated on, and which has been previously 
fused in a cast iron pot set in brickwork at the 
side of the furnace. The melted lead, when 
first laded into the test, becomes covered on the 
surface with a greyish dross ; but, on further in- 
creasing the heat, the surface of the bath uncovers, 
and a fihn of ordinary oxide of lead, or litharge, 
begins to make its appearance. 

The blowing apparatus, which furnishes the blast 
through a nozzle at the other extremity of the test, 
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is now set in motion^ and forces the litharge from 
the back part of the cupel up to the breast^ and 
over the gateway, from which it faUs through the 
aperture in the test into a moveable iron pot 
placed on the floor for its reception. The current 
of air, which may be supplied either by a ventilator 
or bellows, not only sweeps ofif the litharge from 
the surface of the lead, but also furnishes the 
amount of oxygen necessary for its formation. 

In proportion as the surface of the lead becomes 
depressed by its continual oxidation, and the con- 
stant removal of the litharge formed, more metal is 
added from the melting-pot so as to again raise it 
to its proper height ; and in this way the operation 
is continued until six or eight tons of the original 
rich lead have thus been introduced into the 
cupel. 

The contents of the test are now so far reduced 
in volume that the whole of the precious metals 
contained in the alloy operated on may remain in 
combination with only two or three hundred weight 
of lead, which is now removed from the test by 
making a hole through the bone-ash, of which the 
bottom is composed. When the lead has been 
thus removed, the tapping-hole is again closed by 
a pellet of moistened bone- ash, and another charge 
immediately introduced. As soon as a sufficient 
number of these parcels of rich lead have been 
obtained as are found by assay to yield from one 
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to two thousand ounces of the precious metals, 
they are again melted down and placed in a cupel, 
where the operation of refining is completed. The 
test used for this final cupellation differs from that 
in which the lead is first introduced, by being made 
more hollow at the bottom, so as to give a certain 
degree of thickness to the resulting plate of metal. 
When the operation is completed, the same 
brightening is observed which takes place at the 
close of experiments on smaller quantities ; and if 
the gold present contains a considerable amount of 
silver, the surface of the mass, on cooling, sprouts 
forth into the most beautiful arborescent forms. 
The separation of the gold and silver obtained as 
above described is usually effected by means of 
nitric acid, although, on the Continent, sulphuric 
acid is largely employed for this purpose. 

In addition to gold, many auriferous deposits, 
and particularly those of the Ural districts, afi'ord 
a certain amount of platinum. This metal is 
invariably found in the native state, and presents 
the appearance of small flattened grains of a 
greyish-white colour. These are insoluble in all 
the simple acids, but are readily dissolved in 
aqua regia: on adding to the solution thus ob- 
tained a small quantity of chloride of potas- 
sium (muriate of potash), a copious yellow precipi- 
tate is obtained. This test, together with its high 
specific gravity (20*98), will be sufficient for the 
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recognition of this metal, which, when in a manu* 
factored state, sells at about 30s. per oz. 

Diamonds, which sometimes accompany the ores 
of gold and platinmn, usually occur in the form of 
transparent octahedral crystals. These crystals re- 
semble two four-sided pyramids joined together by 
their bases. The value of rough diamonds, unless 
of extraordinary dimensions, may be estimated at 
about £50 per oz. 



APPAEATUS AND REAGENTS EEQUIRED 
BY THE GOLD ASSAYER. 

Apothecaries' scales, with weights from 1 to 1000 
grains. Assay balance, of good make, with weights 
from 1 grain to toW of ^ grain. Eorceps. Eire- 
clay crucibles, in sizes. Two hammers, weighing 
respectively lib. and £lbs. Tongs, both curved 
and straight, for holding crucibles, cupels, &c. Cast 
iron ingot-mould. Assay furnace, with muffles. 
Scorifiers. Steel stirring and cleaning rod. Anvil. 
Copper scoop. Cutting pliers. Small shears. 
Scissors. Cold chisels, for cutting metal. Set of 
files. Small rolling mill. Iron mortar and pestle. 
Set of sieves (fine wire gauze.) Cupel mould. 
Bone-ash, for making cupels. Scratch brush. A 
few glass flasks. Some German glass parting 
flasks. Glass funnels. Stoppered bottles. A 
small pallet knife. Small porcelain crucibles. 
Spirit lamp. Poor lead for assaying, both granu- 
lated and in sheet. Litharge. Anhydrous car- 
bonate of soda. Dry borax. Crude tartar. Nitre. 
Pure nitric acid. Hydrochloric acid. 

The above, and all other necessaries for the 
assayer, may be obtained of Messrs. Griffin & Co., 
53, Baker Street, Portman Square. 



GOVERNMENT REGULATIONS- 



PROCLAMATION 

By His Excellency Sir Charles Augustus KtzRoy, 
Knight Companion of the Royal Hanoverian 
Guelphic Order, Captain General and Govemor- 
in-Chief of the Territory of New South Wales 
and its Dependencies, and Vice Admiral of the 
same, &c. &c. &c. 

Whereas by Law all Mines of Gold and all Gold 
in its natural place of deposit within the Territory 
of New South Wales, whether on the Lands of the 
Queen or of any of Her Majesty's subjects, belong 
to the Crown : And whereas information has been 
received by the Government that Gold exists upon 
and in the soil of the County of Bathurst, and 
elsewhere within the said Territory, and that many 
persons have commenced, or are about to commence, 
searching and digging for the same, for their own 
use, without leave or other authority from Her Ma- 
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jestj : Now I, Sir Charles Augastus FitzEoy, the 
Governor aforesaid, on behalf of Her Maiestv, do 
hereby publicly notify and declare that all persons 
who shall take from any Lands within the said 
Territory any Gold Metal, or Ore containing Gold, 
or who within any of the Waste Lands which have 
not yet been alienated by the Crown shall dig for 
and disturb the soil in search of such Gold Metal 
or Ore, without having been duly authorized in that 
behalf by Hct Majesty's Colonial Government, will 
be prosecuted, both criminally and civilly, as the 
Law allows : And I further notify and declare, that 
such Eegulations as, upon further information, 
may be found expedient, will be speedily prepared 
and published, setting forth the terms on which 
Licenses will be issued for this purpose, on the 
payment of a reasonable fee. 

Given under my Hand and Seal, at Government 
House, Sydney, this Twenty-second day of 
May, in the Year of our Lord one thousand 
eight hundred and fifty-one, and in the four- 
teenth year of Her Majest/s Beign. 

(l. s.) C. a. PitzEoy. 

By His Excellenc/s Command, 

E. Deas Thomson. 

God save the Queen. 



GOVEItNMENT REGULATIONS. 135 

Colonial Secretary's Office, Sydney, 
May 23, 1851. 

Gold Eegulations. 

Licenses to dig and search for Gold, 

With reference to the Proclamation issued on the 
22d May instant, declaring the rights of the Crown 
in respect to gold found in its natural place of de- 
posit within the territory of New South Wales, his 
Excellency the Governor, with the advice of the 
Executive Council, has been pleased to establish 
the following Provisional Eegulations, under which 
licenses may be obtained to dig, search for, and 
remove the same : — 

1. From and after the first day of June next no 
person will be permitted to dig, search for, or 
remove gold on or from any land, whether public 
or private, without first taking out and paying for 
a Ucense in the form annexed. 

2. For the present, and pending further proof 
of the extent of the gold field, the license fee has 
been fixed at one pound ten shillings per month, 
to be paid in advance ; but it is to be understood 
that the rate is subject to future adjustment, as 
circumstances may render expedient. 

S. The licenses can be obtained on the spot from 
the Commissioner who has been appointed by his 
Excellency the Governor to carry these regulations 
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into effect^ and who is anthorised to receive the fee 
payable thereon. 

4. No person will be eligible to obtain a license^ 
or the renewal of a license^ unless he shall prodnce 
a certificate of discharge from his last service^ or 
prove to the satisfaction of the Commissioner that 
he is not a person improperly absent from hired 
service. 

5. Eules adjusting the extent and position of 
land to be covered by each license, and for the pre- 
vention of confusion, and the interference of one 
licensee with another, will be the subject of early 
regulations. 

6. With reference to lands alienated by the 
Crown in fee simple, the Commissioner will not be 
authorized for the present to issue licenses under 
these regulations to any person but the proprietors, 
or persons authorised by them in writing to apply 
for the same. 

By his ExceUency's command, 

E. Deas Thomson. 



FoKU referred to. 

1851. 
Gold License, 

The bearer having paid to me 

the sum of one pound ten shillings on account of 
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the territorial revenue, I hereby license him to dig, 
search for, and remove gold on and from any such 
Crown land within the County of Bathurst as I 
shall assign to him for that purpose during the 
month of 185 . 

This license must be produced whenever de- 
manded by me or any other person acting under the 
authority of the Government. 

(Signed) A.B., 

Commissioner. 



Colonial Secretary's Office, Sydney, 
August 5, 1861. 

Additional Gold Eegulations. 

With reference to the proclamation of his 
Excellency the Governor-General, bearing date the 
2^d day of May last, and to the notice from this 
office of the 23d of the same month, his Excellency 
directs it to be notified that the licenses issued in 
accordance therewith to dig, search for, and remove 
gold found in its natural place of deposit, wiU, in 
future, be limited in their operations to alluvial 
gold, whether consisting of dust, grain, scale, or 
lump gold, and will not extend to matrix gold 
combined with quartz or any other rock remaining 
in its original bed or situation. Fending the esta- 
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blishment of regulations for the working of gold 
of this latter description, which will be speedily 
prepared and published, a royalty will be charged 
on the quantity obtained of 10 per cent, if found 
on Crown lands, and 5 per cent, if on private 
lands. Theae rates will be computed on the actual 
produce valued at £3. 4s. per oz. if procured by 
separation only, and £2. Ss. per oz. if by amalga* 
mation. 

2. Previously, however, to the working of any 
such matrix gold, notice must be given to, and a 
written permission obtained from, the Commis- 
sioner or Assistant Commissioner of the gold 
district, who will require Buch security, and make 
Buch arrangements for the protection of the public 
interests as he may deem necessary. If the parties 
concerned fail to give the required notice or secu- 
rity, or to observe the conditions prescribed by 
that of^cer, all such matrix gold, and also all allu- 
Tial gold of every kind, procured without due 
authority, will be seized as the property of the 
Crown, in whose possession soever it may be found ; 
and the persons offending will render themselves 
liable to be prosecuted for the offence. 

8. In conformity with the principle laid down 
in the provisional regulations of May last, above 
referred to, no person will be allowed to work 
matrix gold on private lands, except the proprietors 
thereof and such persons as they may authorise in 
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that behalf, bat in other respects these regulations 
will be held to apply to all such private lands. 

By his Excellences command, 

E. Deas Thomson. 



Colonial Secretaiy's Office, Sydnej, 
August 12, 1851, 

Conveyance and Escort op Gold. 

His Excellency the Governor- General directs 
it to be notified, with reference to the notice of 
the 17 th ultimo, that arrangements have been made 
for the conveyance of gold, under the charge of 
an armed escort, from Ophir and Sofala to Bathurst 
or Sydney, and from Bathurst to Sydney, once in 
each week. 

2. The gold intended to be sent under this 
arrangement from Ophir or Sofala to Bathurst or to 
Sydney is to be delivered to the Commissioner of 
Crown Lands or Assistant Commissioner on the 
spot, to be transmitted in the chests or safes pro- 
vided for the purpose to the Police Magistrate at 
Bathurst, who will deliver the bags addressed to 
that place to the persons or agents appointed to 
receive them, and forward the packages for Sydney 
by the mail by which the escort proceeds to the 
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Colonial Treasurer, at whose office they may be 
obtained by the persons duly authorised for the 
purpose. 

8. The gold, whether received at Ophir or 
Sofala or at Bathurst, is to be placed in bags, 
sealed, marked, &c. in the manner pointed out in 
the notice of the 17th July, 1851"^; and the re- 
ceipts to be granted and the authorities to be pro- 
duced to the Pohce Magistrate at Bathurst or to 
the Colonial Treasurer, Sydney, for obtaining the 
packages, are to be those required by that notice. 

4. A charge will be made for gold forwarded 
under this arrangement from Ophir or Sofala to 
Bathurst of one half per cent., and from any of 
these places to Sydney of one per cent., on its value, 
estimated at £3. 4s. per oz. for washed gold, and 
£2. 8s. for gold obtained by amalgamation ; and 
payment is to be made to the Police Magistrate at 
Bathurst for gold forwarded to that place, and to 
the Colonial Treasurer for that sent to Sydney. 

5. The mails with escort will leave Ophir and 
Sofala every Tuesday morning, and Bathurst every 
Wednesday, arriving id Sydney at 11 o'clock on 
Thursday forenoon. 

6. It is to be understood that in the event of a 
loss, notwithstanding the protection afforded by the 
escort, the Government will not, as explained 

* Befers to a notice not accompanying the other official 
documents. 
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in the notice of the 17 th ultimo, be responsible 
for it. 

By his Excellency's command, 

E, Deas Thomson. 



Colonial Secretary's Office, Sydney, 
October 7, 1851. 

Additional Gold Eegulations. 

With reference to the notices from this office of 
the 23d May and 4th August last, and pending 
the receipt of instructions from Her Majesty^s 
Government, his Excellency the Governor-General 
has been pleased, with the advice of the Executive 
Council, to publish the following farther provi- 
sional regulations for the search of gold. 

1. Persons occupying portions of the gold field 
by erecting temporary buildings, tents, &c., and 
carrying on business in any way, shall pay a fee of 
thirty shillings monthly for the use of the land so 
occupied by them, and they are required to pay the 
same on demand and in advance to the officer 
appointed to receive payment of license fees, 

2. Persons desirous of establishing claims to 
new and unoccupied ground by working in the 
ordinary method for alluvial gold, may have their 
claims marked out on the following scale ; namely, — 



} 
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(1.) Fifteen feet frontage to either side of a 
river or main creek to each person. 

(2.) Twenty feet of the bed of a tributary to a 
river or main creek to each person. 

(3.) Sixty feet of the bed of a ravine or water- 
course to each person. 

(4.) Twenty feet square of table land or river 
flats to each person. 

Every sach claim shall be voided by the failure 
on the part of the claimant to work the same 
within ten days after the date of his acceptance^ 
and persons found working on such or any other 
ground without having previously paid the license 
fee to the proper officer, shall pay double the 
amount for such license, and in default be pro- 
ceeded against in the usual manner. 

8. The license fee for private lands will in 
future be one-half only of that payable for Crown 
lands. 

4. Persons desirous of working auriferous quartz 
veins may make application in writing to the Com- 
missioner or Assistant Commissioner of the gold 
district, accurately describing the locality. Such 
application shall be immediately recorded by such 
officer in a book to be kept for that purpose, which 
shall be open at all reasonable times to the inspec- 
tion of applicants. In case Ho previous appHca- 
tion shall have been made as above directed, and 
shoidd there be no valid objection to the proposal. 
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the Commissioner shall notify to the applicant his 
acceptance of the same. The applicant shall then 
enter into a bond binding himself and two or more 
sufficient sureties, to the satisfaction of the Govern- 
ment, jointly and severally, in the sum of two 
thousand pounds, to pay a royalty of ten per cenL 
on all gold obtained from any part of the land 
within the limits of his claim, to an officer to be 
appointed for that purpose by the Government. 
He shall further be bound to pennit such officer to 
reside on the land in the neighbourhood of the 
works at such spot as may be assigned by the 
Commissioner, and also to give to such officer 
access at all reasonable times to the buildings or 
premises, and to all books and accounts connected 
with the production of gold ; also to give all neces- 
sary facilities for the collection of the royalty daily 
or weekly as may be found most desirable. 

5. All buildings, machinery, or other improve- 
ments erected or made on the land shall be consi- 
dered as additional security for the due perform- 
ance of the conditions of the bond. 

6. The above claim shall consist of half a mile 
of and in the course of the vein, with fifty yards 
reserved on each side of such vein for building and 
other purposes. The right of cutting and using 
timber for building purposes or for firewood from 
adjacent Crown lands, as weU as access to neigh- 
bouring water, shall also be conceded. The dura- 
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tlon of the daim shall be three years^ which shall, 
however, be extended for such further period as 
upon receipt of instructions from Her Majest/s 
Government may be determined upon, having due 
regard to the interests of the party concerned. At 
the expiration of the term of their holding, or on 
the sooner termination of their tenure by consent 
of the Government, the parties shall have liberty to 
remove all buildings, machinery, or other improve- 
ments erected or made by them, and a reasonable 
time shall be allowed for that purpose ; provided 
always, that the conditions of the bond shall have 
been duly fulfilled. 

7. A claim, such as the above, shall be for- 
feited by the failure of the applicant to enter within 
a reasonable period into the required bond;— by 
his neglecting to pay the prescribed royalty at the 
time and in the manner required by the bond;— 
by his not employing at least twenty persons on 
such claim within six months of the acceptance of 
his application for the same; — by his ceasing to 
employ that number of persons on the works for 
the period of one month thereafter ; — by obstruct- 
ing the ofRcer in the proper performance of his duty, 
or in any other way violating the terms of the bond; 
Such vein shall then be open to selection by other 
parties. 

8. Persons desirous of working auriferous quarts 
veins on their own lands shall be subject to the 
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terms of the above regulations^ with the exception 
that the royalty payable on the gross production of 
gold shall be five per cent., and that they shall not 
be compelled to employ any specific number of per- 
sons, nor be liable to any penalty on their ceasing 
to work. 

9. Persons desirous of draining ponds or water- 
holes may make application, in the mode above 
stated, to the Commissioner or Assistant Commis- 
sioner of the gold district, and shall be subject in 
all respects to the same regulations, with the ex- 
ception that in the place of the payment of a 
royalty, the applicants shall bind themselves to 
employ not less than forty persons for such under- 
taking during the period of their occupation, and 
take out a license for every person so employed ; 
and such claim shall be voided by the withdrawal 
of such number of persons from the work, unless 
in case of interruption by flood or other unforeseen 
accident. 

10. Where more than one application shall have 
"been made for any pond or waterhole previously to 
the publication of these regulations, or shall here- 
after be made on the same day, such pond or 
waterhole shall be put up to tender, the advance 
being on the existing rate of the license fee. And 
it will be understood that such advance shall be 
paid on any number of persons employed in addition 
to the forty above determined. 

L 
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The Commissioner or Assistant Commissioiier is. 
empowered to make such temporary regulations m 
may be necessary to prevent inconvenience to athei;; 
licensed persons from the carrying on operations ol 
the above nature. 

By his ExceUenc/s command, 

E. Deas Thomson. 



Colonial Secretary's Office, Sydney, 
Oct. 21, 1851. 

Gold Eegulations. 

His Excellency the Governor-General, with the 
advice of the Executive Council, has been pleased to 
make the following modifications in the provisional 
regulations of the 7th instant, having reference to 
the draining of ponds or watercourses, for the pur- 
pose of searching for gold. 

1. In lieu of uniformly fixing at forty the num« 
ber of persons to be employed on any such underr 
taking, the Government will, on the report of the 
local Commissioner, determine in each case the 
number of persons for whom the working of th^ 
claim would properly afford employment. 

2. The persons undertaking to drain any such 
pond or watercourse will not, howev^, be com* 
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pelled to employ that number of persons during 
their occupancy, as required by the notice of the 
7th instant ; it will be sufficient that during such 
oecupancy they pay for licenses for the full number 
of persons so fixed. 

By his Excelleuc/s command, 

E. Deas Thomson. 



Colonial Secretary's Office, Sydney, 
Oct. 21, 1851. 

Gold. 

His Excellency the Governor-General, with the 
advjce of the Executive Council, has been pleased 
to direct, that &om and after the 1st proximo, all 
alluvial gold, or matrix gold obtained by separation 
only, which may be tendered to the Government in 
payment of license fees, will be valued at three 
pounds per ounce, instead of three pounds four 
filings, as determined by the notice of the 
5tii August last ; and according to this value also 
(S/. per ounce) will be computed the royalty 
on matrix gold, and the commission on the convey- 
ance by the Government of all gold, except such 
as may be {urocured by amalgamation. 

2. It has not been found necessary to make any 
alteration in the value at which the Government 
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ooDsents to receive gold obtained by amalgaiiui^ 
tioD^ namely: — Two ponnds eight shillings p^ 
ounce; and the royalty on such gold^ and flief 
oommission on its conveyance, will be r^olajteoF 
accordingly. 

By his Excellency's command^ 

£. DsAs Thohsok. 



Ikstbttctigns to the Commissioner of Grown Landsi 

for the Gold District. 

Colonial Secretary's Office, STdnef, 
May 23, 1851. 

Sir, 

In consequence of the discovery of gold in the 
western districts of the cobny, and the ooUectbn 
in that quarter of a large number of persons, his 
£xceUency the Governor has thought it expedient 
to take steps for the protection of the rights of th^ 
CrowUj and for other purposes ; and he has beeu 
further pleased to appoint you a commissioner off 
Crown lands, under the local Acts for protectingi 
the Crown lands of the colony from encroachment^' 
intrusion, and trespass, for the purposes and with 
the instructions following. 

2. You will, in the first place, organize thefocoft. 
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of ten m&x, whicli will be placed under your orders^ 
fat the parpose of carrying out the duties for which 
y^i are appointed. You will at once arrange for 
tbor being armed^ accoutred^ and mounted^ and 
for their being furnished with other indispensable 
articles as much as possible on the model of the 
late mounted police* 

8» You will instruct the men composing such 
force as to the terms on which they are employed^ 
as set forth in the memorandum*^ A annexed^ more 
particalarly explaining to them the probable want 
for the present of lodgings and of regular rations ; 
and such men will sign an engagement in the 
form B* appended^ and be sworn in as con- 
stables. 

4. You win then proceed without delay to the 
Bathurst district^ and establish yourself and your 
force in some locality that is central and otherwise 
suitable for your undertakings providing rations for 
your party and forage for your horses as you may 
find practicable^ and making such arrangements as 
you can for temporary shelter. 

6^ You will at once proceed to carry out the 
^ews publislied in the Proclamation of the 22d 
ifi(itimt> and the regulations of this date* You are 
inttiructed to compel every individual at work at 



* These Appendices were not furnished with the othei^ 
dftMiftentfl. ... 
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the gold field to take out and pay for a license ill* 
the required form. You will be famished wtth th^ 
necessary books^ and it will be your duty to visit' 
every person at work to receive the prescribed pay- 
ments and to famish the licenses properly filled up.' 
It is probable that the only means of payment will' 
be the gold collected ; yoa will be famished with 
scales and weights to enable you to take payment 
in gold, according to the scale following, namdy/ 
at the rate of 21. 8s. per ounce for such as is ob- 
tained by amalgamation^ and 3/« 4«. per ounce {at 
such as is obtained by washing. 

6. You will be furnished, as I have stated, with 
books containing the form of license for each 
month in the year. You will on the delivery of 
each license enter the name and description, after 
the model here given, of the person taking out the 
license ; you will observe that in the license the 
name only, but not the description, is inserted. In 
the butt however from which the license is sepa- 
rated the description is added to the name. The 
reason of this is, that if any p^son should leave 
the gold field and transfer his license to another 
person who will assume his name for the purpose, 
the imposition will be at once detected in most 
cases. You are, of course, only expected to ap- 
proximate to a correct description, for it is probable 
that much offence might be given by attempting 
perfect exactness. You will, moreover, bef^e 
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gWlting licenses, require from each applicant a 
discharge from his last service, unless you have 
reason to believe such person was not at a time 
shortly preceding in service. It is, however, im- 
possiUe for you to ascertain these points in many 
cases that may arise, but you will at least refuse 
a license to any one whom you may have suffi- 
dent reason to believe to be improperly absent 
from hired service. 

7. You will be required to give security to the 
Government by two sureties severally and respec* 
tivdy bound with yourself in the sum of £^,000, 
for the faithful discharge of your duty as Com- 
missioner, and for the payment to the Government 
of all monies and gold you may receive for licenses ; 
such monies and gold are to be sent in the first 
week of each month to the Colonial Treasury at 
Sydney, under a sufficient and properly armed 
escort. You will advise the Colonial Treasurer by 
post of all such remittances, and transmit to him 
an account of your receipts during the month iu 
which they have been collected, together with such 
vouchers in support thereof as shall be required by 
the Auditor-General, and the correctness of every 
such account shall be attested by the declaration 
required by law. 

8. With respect to such persons as shall refuse 
to pay the moderate fee demanded by the Govem- 
noenty you will, I doubt not, act with vigour and 
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determination^ rememberii^g that the veiy dbjeei 
of youjr being farnished with an efficient totct )d lo 
enable you to cause the Government regolations to 
be inyariably respected ; and for this purpose hisr 
Excellency the Governor has been pleased by the 
accompanying document to give you full authodify 
to remove all unlicensed persons. 

9. These are the instructions the Government 
has deemed it proper to give you at present ; it 
may probably be necessary soon to extend ihesai, 
and for that purpose it will be requisite for you to 
give as fidl and &equent information to the Gover- 
nor, through this office, as may be practicable. It 
is impossible to mark out for you an exact path^ 
something must at this early stage be left; to your 
discretion, and in using, either in acting or in for- 
bearing, you will lose no time in reporting your 
proceedings for approval. 

10. And in conclusion, though your chief busi- 
ness will be to protect the interests of the Grown 
in matters of revenue, it will be an essential pmrt 
of your duty to preserve the peace, to put down 
outrage and violence, and to protect the community 
generally. In this portion of your duties you will, 
I have no doubt, e(M}perate zealously with the 
local police, and as a ready and convenient acces- 
sory to your force, you will, with as little delay as 
possible, select from the respectable portions of the 
Uoensed persons employed in the locality, such and 
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10 maiqr as you may find neoeasaiy to be sworn in 
m spefiial constables. 

I have, &c, 

(Signed) E. Dxab Thohson. 

Johns lUchard Hardy, Esq., 
CknnmiBsiotier of Grown Lands finr the 
Qold Bifltriolt. 



fcrSTRUCTIONS TO ASSISTANT GoLD COMMISSIONERS. 

1. You will^ on the first and following days of 
each month, commence issuing licenses in your dis- 
trict, receiving payment for the same in money or 
gold dust. Yoi;i will commence at the portion of 
the diggings which is most convenient^ marking 
out at the time of giving the licenses the boundaries 
of each party on the following scale, namely^ — 

On every river or main creek, fifteen feet frontage 

to either side of the stream to each person 

licensed. 
On every tributary to a river or main creek, 

twenty feet to each person licensed, 
in every ravine or dry watercourse running into 

a creek or river, sixty feet of v the bed to each 

person licensed. 
. On table land or river flats, oonstituting dry 

diggings, twenty feet square to each person 

Ucensed. 
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These allotments are to be marked consecativel;; 
where practicable ; and you will^ with the assistance 
of your derk^ who will accompany you at suitable 
times^ enter in a book^ in the form annexed (B.} 
the description of the localities allotted, with the 
names of the parties. You will append to such 
book a rough chart of the ground, giving names 
for the convenience of reference to the more promi- 
nent portions of the ground. 

2. You will be furnished with books of blank 
licenses, with butts like a cheque book ; and 
monthly requisitions are to be made by you, on the 
colonial storekeeper, for such further books as may 
h% necessary, care being taken that your demand 
is made sufficiently early to enable that officer to 
forward them to you by the time they are required. 

You will fill up and deliver the licenses to the 
parties at the gold fields, entering their names in 
the butts, and receiving the prescribed fees ; and 
you will make half-monthly payments direct to the 
Colonial Treasurer in Sydney of the amount col- 
lected by you for licenses, accompanied by state- 
ments in duplicate of the particulars. You will 
also make a return to me of the number of licenses 
issued, and the amount received, as well as of the 
number remaining of the blank license forms. At 
the commencement of each month you are to fur- 
nish to the Auditor-General a return of sums 
re eived by you during the previous month, and of 



GOVERNMENT EEGULATI0N8, 155 

tixe tiuinber of licenses issued^ transmitting to biin, 
at the same time^ the butts and blank licenses for 
the month remaining unexpended; and you are 
clearly to understand^ that no deduction is to be 
made from the amount of your collections^ but 
that the whole is to be paid in gross into the 
Treasury. 

For any expenses which you may be authorized 
to incur, accounts should be rendered as early as 
practicable to the Auditor-General, who, if he finds 
them correct, will prepare a warrant authorizing 
payment of them to be made from the Treasury to 
the parties or their agents. 

In such cases as it may be deemed expedient to 
make payment for any supplies earlier than can be 
done in this way, an advance will be made to you 
from the Treasury for the purpose, with the under- 
standing that it will be adjusted by a certain time 
to be named in your application for it, which is to 
be made to the Auditor-General, specifying the 
general objects for which it is required, and that 
you will be held responsible for the amount until 
this has been done by the passing of the accounts 
for the expenditure at the Audit Office. 

S. You will at the same time forward to the 

Auditor-General the monthly abstracts of the 

Varies of your establishment, including authorized 

accounts for forage and rations, 

, 4. You will, in all respects, carry out the gene- 
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ral regulations, of which copies are annexed, repfst*- 
ing any temporary deviation which drcumstaiiees 
may render inevitable. Tou will especially report 
upon the applications made to yon by companies' ot 
individnals nnder the 4th, 8th, and 9th clauses of 
the regulations of the 7th October, 1851, that flio 
necessary steps may be at once taken to cany ont 
their objects. i 

5. You will be famished with an iron safe far 
the security of gold and money received by yon, 
and it is desirable that in your temporary absence 
the same should be given to the care of the serjeant 
of your party. You will take care that the barracks or 
tents are not at any time left without a sufficient 
guard, and you will keep a sentry on the ground at 
aU hours day and night. 

6. You will settle all disputes between licensed 
occupiers of the gold field, visiting the spot in dis* 
pute with as little delay as possible. It is most 
desirable that every dispute should be instantly in- 
viestigated and settled, that disputants may not have 
the temptation to redress their grievances them- 
selves. 

7. You will keep copies of all correspondence 
and accounts, reporting to the Colonial Treasurer 
the particulars of the gold received by you, and sent 
by escort to Sydney or elsewhere. 

8. You will keep me informed at all times with 
the particulars of the gold field in your district^ 
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mduding the number of persons^ the number 
licensed^ and the general prospects of the place. 

9. As soon as practicable^ you wiU divide your 
district into separate beats^ assigning to eaoh 
trooper a particular locality. By this means he 
will soon become acquainted with eveiy person- 
on his beat^ and more readily detect unlicensed 
diggers. 



B, 
(Eonn referred to p. 1 54.) 

Upper TimoN.-^NAiiES and Descriptions. 

Maitland Point. 

No. 1. — Henry Smith, Thomas Smithy John 
Paton. 

No. %. — ^W, H. Moore, J. Hindes« 

No. 8.— Henry Thomas, William Pollard, Henry 
Pollard, Thomas Snow, William Moore. 

No. 4. — &c., &c., &c. 

Sofala Point. 

No. 9. — William Smith, Henry Smith, Thoma3 
Erskine. 

No, 10.— Thomas Bowe, &c. 
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Enkine Point. 

No. 22. — Henij Smithy William Smithy Thomas 
Jones^ &c. 

No. 23. — &c., &c., &c. 

Trooper's Point. 
No. 29. — Henry Smith. 

Beferring to my previous instructions of the 

I have the 
honour to forward to yon a few general instructions 
for your guidance in matters of police. 

Your establishment will consist of a clerk, of five 
mounted and five dismounted troopers ; namely^ a 
Serjeant^ at three shillings and ninepence^ and the 
remainder at three shillings and threepence per 
diem each^ with the old mounted police rations^ and 
with clothing. 

You will hold courts of Petty Sessions at the 
placCj near to your head quarters^ which may be 
proclaimed for that purpose^ on such days as shall 
be most convenient^ giving sufficient pubUcity to 
the same. You will carry out the general police 
business of your district^ taking especial care that 
aly grog- selling and gambling and other disorders 
are^ as much as possible^ put down. Your clerk 
will also act as clerk of Petty Sessions^ and the 
Serjeant of your party as chief constable^ and their 
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duties will be those ordinarily belonging to such 
officers. 

You will provide for the escort of prisoners to 
Bathurst or elsewhere^ as well as for their safe 
custody and support while in detention. 

Ton will further furnish me, monthly, with an 
account of the number of days on wMch courts of 
Petty Sessions are held, and of the number of cases, 
and their result, distinguishing their several cha- 
racters. 

You will assign to each trooper a particular horse, 
for the care and good order of which he will be 
responsible, and you will have the power of di&- 
missing any of your party for drunkenness or other 
misconduct, reporting to me the circumstances. 

*^* Similar regulations have been issued for 
the other gold-bearing districts. 



THE END. 



-Wilson and Ogilry, 67, bUnntr Streeti Snowhill, London. 
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PHILLIPS'S HMUAL OF HETALLUR6T. 



This work forms Volume XXI. of the CABi^rr Efynxoy 
of the Encyclopadia Metropolitana, and treats of that 
important branch of Chemistry which relates to the 
ExTBACTioK OF Metals jpbom theib Ob£S. The 
following is a brief sketch of its contents : — 

Physical and Chemical Properties of the Metals, their 
Alloys, Salts, and other Compounds. State in which the 
Metals are found in nature. Properties by which 
Minerals are discriminated. Crystallography. Consti- 
tution of the external Crust of the Earth. Principal kinds 
of Bocks. Strata that contain Ores. Localities in 
which the principal Ores are found. Description of the 
most important Ores of each Metal. Chief Operations 
of Mining. The mechanical Preparation of Ores pre- 
vious to Smelting, by Crashing, Washing, Sifting, &c. 
Fuel and its Economy — Wood, Peat, Lignite, Coal, and 
Anthracite. Prepared Fuels — Charcoal, Peat-CharcoaJ; 
Coke. The Assay of Fuels. Estimation of their compa- 
rative Vialue. Furnace Materials. Metallurgy Proper 
— Iron, Copper, Cobalt, Nickel, Tin, Zinc, Antimonyj 
Bismuth, Mercury, Lead, Silver, G-old, Platinum, ii 
addition to the operations ofSmelting, the work describes 
many important Manufactures in Metal; such as the 
BoUmg of Sheet and Bar Lx)n, Lron Casting, and the 
Manufacture of Steely of Sheet-Lead, and Lead-Pipes. 
The Processes which relate to the* useful Metal» smelted 
in Oreat Britain, and those regarding the Crushing, 
Washing, and Amalgamation of Gold and Silver Ores, 
are given in considerable detail. 

The important subject of Assaying is treated of 
fully and practically. Assaying by Furnace Operations. 
Chemical Analysis in the wet way. Cupellation aiid 
Parting of Gold and Silver. Centigrade Processes for 
Testing; Solutions of Silver and Copper, by graduftte4 
Test Liquors. 

The work is illustrated by Two Hundred and Six- 
teen Wood Engravings, which exhibit the most approved 
Furnaces, Machinery, Implements, Apparatus, &c. 
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^* Thb mineral wealth of the British islands has been fairly esti- 
mated to be nearly equal to that of the whole of the rest of Europe. 
Many years since twenty millions was regarded as the annual value 
of the mining produce of Great Britain and Ireland:— it is now 
oonsidei^ly more. In every branch of metallurgy there has been 
an extension of -the operations of smelting and refining, to meet the 
rapidly increasing demands for home consumption and for the 
foreign markets: Important as this branch of national industry is 
to this oountry-^forming the source from which thousands draw 
their esistenoe, and being in reaUty one of the most considerable 
eiaments in determining the position of the British empire among 
nations^ — there are but few works to which reference can be made 
for information as to the statistics of production, — ^and still fewer 
wliich treat with any thmg like accuracy of the methods employed 
in this country to render the productions which Nature has la- 
rifihed on us available to the purposes of manufacture. The 
Snglish language is exceedingly poor in works of a technical cha- 
racter. Although the English are essentially a practical people, 
when we have counted some half a dozen books (some of these 
being v6ry old, and merely local in their bearing), we shall find that 
the literature of metallurgical art and of mining is exhausted. A 
work devoted to metallurgy, in its varied details, did not exist in 
Kngland previously to the publication of the * Manual' which stands 
as the heading to the present notice. The consequences of this have 
been, that the metallurgical operations of different localities have 
rarely been extended ; since the busy manufacturers of another 
district, satisfied with their own methods, did not care to examine 
the results of their neighbours or to communicate their own. Pro- 
ceeding for the most part empirically — the smelters having but 
the smallest possible amount of scientific knowledge to guide them, 
~rit is really surprising tliat the charact-ers of the British metals 
have reached so high a standard as they are now found to obtain. 
There ws» no more instructive section of the Great Exhibition than 
that which was devoted to the Mineral kingdom, — and it afforded 
lor the first time to the British workman the means of comparing 
the metals produced from the minerals of other countries with 
those obtained from the metalliferous ores of our own. We are 
informed that, in many departments of metallurgy, a marked im- 
provement has already been the result of that grand industrial com- 
petition. From the absence of any work in the language devoted to 
metallurgy, it was with difficulty that information had hitherto been 
obtained of the processes practised on the Continent, although 



many of them were known to be superior to our own. 
'*In the 'Manual of Metallurgy an attempt has 



been made to 
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•apply the want which we have shown to have so long existed. Mr. 
Phillips has rendered his work as interesting as was possible with* a 
subject so purely technical, by commencing the main portion of his 
subject with a description of the geological conditions ot the minenU- 
bearing districts, and of the mi^sralogical characters of the metal- 
liferous formations. Proceeding with a concise description of the 
operations of mining, he then details the processes of ikmiff^ the 
ores, by whch they are rendered available for the Aimaoe opera* 
tions. Not only are our own methods of extracting the metala 
fully given,— but the most celebrated processes employed on the 
Continent are likewise described. 

** A considerable section of the work is devoted to the various 
methods by which silver and gold are treated. These, as being of 
much interest at the preseut moment, will necessarily receive at- 
tention. 

" In addition to the information given on Metallurgy, the work 
contains very full practical information on Assaying, and on the 
chemical processes by which the value of any partjcukr ore may be 
readily ascertained. 

" This ' Manual' is a highly valuable addition to our «oientific 
literature, and will tend to increase the author's already Extended 
reputation as a metallurgical chemist. The work consbts of about 
€00 pages, — and is copiously illustrated with well-executed woodcuts, 
which materially aid m rendering the description of furnaces, &c. 
intelligible to aU readers.'*-^ J/A«ik»w, May 29, 1852. 

"No publication has yet appeared in the English language taking 
so comprehensive a view of every detail connected with smeltine and 
mining the various metallic minerals. It appears to us to fill up 
a long standinff hiatus in the history of, and instruction in, mine- 
ralogical chemistry ; and while it is sufficiently elementary to be 
understood by the young student, it is thoroughly practical, and 
erudite enough to form a standard work of reference for valuable 
information by the metallic chemical practitioner and assayer. The 
whole is admirably illustrated by well-^ecuted diagrams. The 
type and paper are of the first order, and nothing appears, to us' ^o 
be wanting to render the work a iiu^ gud von to every xaetaUuiigist, 
whether practically engaged in the laboratory or at iumace. opera- 
tions, or the theoretic student and those attached to the applied 
sciences." — Minitig JoumeU, 

*' We can confidently commend this volume to fJl* vj 
its subject interests.*'— OiVic. 

'* A most complete and practical Manual of metallurgio' 
and art," — lAUrary Gazette, 

" Professor Phillips's treatise on the methods of extnctrng the 
metuls from their ores is a technical book, addressed ixiMrf %b 
those, who need practical instruction, of which its pagts'qro '^luBrj 
but the curioua reader will find useful information on several pointf 
connected with chemistry and chemical manufactures. The dia* 
•rams are numerous and excellent. An index is added." — Leader, 
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CUPELLINa FURNACE, of wrought-iron Plate, lined vith 
Fire-elfty, with aa opening for heating a Tube. See PhiUipa 
OQ Gold Mining, figs. 12 and 13, £6. 6s. 

HtTFFLES adapted for this Furnace, fig. 11, Is. 6d. each. 
Muffles of larger size made to order. 

LONO STBEL TONGS, for removing Cupels from the Muffle. 
Fig. 14, 5s. 

CUPEL MOULDS. Fig. 16, for making round Cupels, 1| inch 
in diameter, 12s. 
Ditto for making round Cupels, 1^ inch in diameter, lOs. 6d, 
Ditto for making square Cupels, i inch in diameter, 12s. 

MALLET of the form fig. 16, for driving the Die into the Ring 
of the Cupel Mould, in making Cupels, 3s. 

GLASS PASTING FLASK, for assaying Alloys of Gold. Fig. 
20, Sd. 

FLASK, with long neck, French pattern, for the procecs of 
Parting, 5d. 

STEEL TONGS for holding the Parting Flask, fi^. 20, 28. 6d. 

fiA2dM£B for flattening Buttons of Metal in Silver Assaying, fig. 
19, small size, 2b. 6d. Large sice, 3s. 6d. 

HAMMER for flattening Gold, weight about 6 lb. bright face. 
HAMMER, square face,- for breaking Crucibles after a Fusion, 20. 
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STEEL ANVILS (Stakes) used in flattening Beads of iSilt'ef, and 
crushing small Samples of Minerals : — 
li inch square, 2b. 
2 inches square, massive, 69. 

FLATTINa MILL, for preparing Alloys of Gold and SUve^ for 
Farting. 

ASSAY SCOOP, made of Copper, 7s. 64. .. , . . 

IKaOT MOULD, fig. 18, 58. 
Ditto, conical, 5s. 

WROUaHT-IRON CRUCIBLE, very stout, conical, about 
6 inches high, 4s. 6d. 

STRONG IRON TONGS, for lifting the Iron CruciWe, two 
feet long, bent points, 48. 6d. 
Ditto, with Straight points, 48. 6d. 

STEEL SLICE, for cutting the fused Assay out of the Iron 
Crucible, 80 inches long, 48. 6d. 

SMALL CRUCIBLE TONGS, 8 inches long, 28. 

GOLD-WASHING BASIN, of stout Zine; form of figui9 35, 
26 inches in diameter, 148. 

SIEVES, of Hair and Brass ^^Ire, of aU diameters and degrees of 
fineness. 

BOX SIEVE, with Three Diyisions, size of gauze, 100, 50, and 
20 to the inch, with cover, Ts. 6d. 

MAGNIFYING LENS of Three Powers (for the Pocket), for 
examining Minerals, Crystals, Gold Dust, &c., fig. 4, 58. 

OIL -BATH, Copper with hard soldered joints, for drying sub- 
stances at high temperatures, £B. 3s. 

TAYLOR'S HOT-AIR BATH, of sheet-iron, for drying Ores, 
Precipitates, &c. The Temperature can be easily regulated 
to any degree up to S6(f Fah., 14s. 

BALANCES FOR ANALYTICAL PURPOSES. In Polishes 
MAHoeANT Glass Cases, fitted up in the most conTesient 
style. 

1. Brass Beam, 12 inches long, in a Glass Case, with weights, 
£9 9s. 

The beam has all the necessary adjustments. "Will cany 1000 
grains in each pan. Will turn with y^ grain when thus loaded. 
The pans are suspended by platinum wire. The ease is provided 
with adjusting screws to set it leyel. With a set of weights from 
600 to -i^ grain. 

2. Brass Beam, 15 inches long, in a Glass Case, with, weighty 
£14. 14a, 
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Bju^csb vob Air^LYTiOAii PuBPOBBS — contmutd. 

The beam is divided into ten parte, and has an apparatus placed 
over it by which tlie nder can be moved on the beam without 
opening the glass case. Will cany 1000 grains in each pan, and 
turn with j^ grain when loaded. With a set of weights irom 
1000 grains to y^ gndn, including riders of -^ grain each. There 
is a short pan cut out to receive the **" potash apparatus," used in 
Organic Analysis. The glass case is provided with adjusting-screws. 

3. Assay Balance, Brass Beam, 10 inches long, in a GUss Case, 
with a set of weights ^m 300 grains to tq^ gniin, £12 128. 

Will carry 500 grains in each pan, and turn with Y^rsn ST^^ 
when loaded. 

4. PoBTABLE Balance, in a mahogany box, brass beam 12 
inches long, with a support adapted to the top of the box. 
The pens rest on the boiL, and are moved by a lever. Will 
carry 1000 grains in each pan, and turn with y^ grain when 
loaded with &00 grains in each pan. The beam is divided 
into 10 parts from the fulcrum to the end, for a rider. With 
a set of square weights from 500 grains to -^ grain. £5. 5s. 

5. Platintm Dishes for the Assay Balance, i imch diameter, 
' in pairs of the same weight, 10s. 6d. 

SET OF DECIMAL GEAIN WEIGHTS, Mint Standabd. 
Mahogany Box, 600 grains to -^ grain, £1. lis. 6d. 

SET OF FRENCH DECIMAL WEIGHTS, in Mahogany Box. 
From 50 grammes to 1 milligramme, £1. 158. 

MOHR'S BALANCE, for taking the Specific Gravity of Liquids 
with accuracy and facility, in a Mahogany Box, complete, £2. 5s. 

GRADUATED APPARATUS for the Assay of SUver, according 
to Gay Lussac's Process. 

OAST-IRON MORTARS, bell-shaped, turned inside, with Pestles. 
4 inches diameter £0 1 6 

6 — — 2 6 

7 — — 6 

10 — — 12 

12 — -r 18 

CHEMICALS. — ^The prices of these Chemicals can be stated only 
approximately, as they aro altered frequently, and depend 
also upon the quantity demanded : — 



FireClay,for Luting, lOs.percwjt.' 
Cream of Tartar, £5 per cwt< * 
Red Argol, £2. 2s. per cwt. 
Sal Ammoniac, £3 per cwt. 
Carbonateof Ammonia, Is.perlb. 
Chlorate of Potash, 38. per lb. 
Acids, Alsaliss, and all the usual Rb- agents, in a state of 
Purity. 



Bone Ashes, £2. lOs. per cwt. 
'Puio Lead, Is. per lb. 
Garboaate of Soda, 158. per cwt. 
Refined Nitie, £2. 28. per ewt. 
Borax, £5. 12s. per owt» 
Litharge, 28s. per cwt. 
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aKIFFnrS TBAYEI^LINO CABHirSTS of AFPAK4!ro% fe# 

the QiTMJTATiTx AvALTOS of Obb8 and other IfnnEttAider, pre- 
pared for the use of Karal and Militaxy Officers. 

Tke Instrument conitdned m the foUowmff CbtkeU^m mre tf 
ike imaUett uerfkl sues, but of the beit maUriaU tmd work" 
mamiip, The several parte are weUproparti(med0wf4HlfM^4i 
to one another: — 

• '0XT 1. F^iee £8m a CABnTBT. 

This contains Apparatus sufficient for making the Experi- 
ments necessary for the Discrimination of m well-known 
Obs8 and Mikebals. 

The size of the Oabinet is about H cubic foot. 

It includes Blowpipe Apparatus with the neoessaiy FhnsM and 
Beagents ; a selection of the most useful instrumeoto lor Tleadng 
in me wet way, with a ooUeetion of tests in the dry staikeiy and 
stoppered bottles to contain solutions $ a set of bottles with pore 
acids. The apparatus is of small size, and the quantitn^ of mate- 
rials limited, but adapted to the various operations of QnalitntfTfr 
Analyses — namely, the pnparation of solutions, fiitraliony pnci- 
pitation, ignition, Sao. 

Sbt 2. Frioe £15. 15s. in Two Oabinbts. 

The principal Oabinet contains the most in^rtant A|»»- 
ratus, arranged for convenient use in Trays and divided 
Boxes. The second Oabinet contains laree articles foi' 
occasional use, Duplicates of Apparatus hable to be broken^ 
extra stock of Acids and Ohemicals, &c. Size of the Two 
Oabinets together, about 4 cubic feet. Tliis Set contains 
Apparatus sufficient for the Oomplete Qualitative Ana- 
fysis of Ores and Minerals, or the separation of the OOnt- 
ponents ofa Mineral in quantities sufficient for an accurate 
Qualitative Analysis. 

It includes a brass Argand spirit lamp ; a crucible, oiq^NNile^ 
and other vessels of platinum ; a full assortment of Bohemian teat 
tubes and other glass apparatus $ Berlin porcelain cmeibleB and 
capsules ; a collection of pure tests in the dry staUk, and a set 
of stoppered bottles for solutions ; a stock of pure acids ; jaaate- 
rials for sulphuretted hydrogen and other gases used in analysis. 
. . The whole adapted for a regular series of analytical operations, 
the preparation of solutions, filtration, testing, predpitati^ the 
washing of precipitates, ignition, distillation (of water, aloohol, 
and acids, in small quantities), and other processes, either dinotly 
necessaiy in analysis, or in preparing the means of effibcting»attft- 
lyses. It contains also a complete set of blowpipe appairaitiis, 
with fluxes and reagents ; duplicates of articles liable to be Iwoken, 
and an extra stock of adds, fluxes, and tests. 
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COhJJEOjmOlX of ANALYTICAL APPARATUS ; containing' aU 
the necessary Apparatiu required by the Student for the Quali- 
iative AnalysiB of any substance according to the plans recom- 
mended in ** Bose's Qualitative Analysis," and similar works. 
PxioA d^ 3s. in a packing case. 

CtoinmrTB. — Lixiyiating jar for solutions, flltrations, Ac 
. Four hyrd 43bnnan glass flasks, from 2oi. to 30oz., for boUin^, 
digesting, preparing gases, &c. Washing bottle for washing preci- 
pitates. Qas bottie for preparing gases requiring heat. Qnw 
bottla with flat bottom and acid funnel for hydrogen and sul- 
phuretted hydrogen. Water bottle with tubes for flUing narrow 
tubes, or supplying small quantities of water. Clark's Betort 
and Beceiver for preparing small quantities of mvce acids by 
distillation. Three funnels assorted. One hundred ready cut 
filters for each size of funnel. Spirit lamp, with incorrodible 
~ wiok holder and supply of cotton wick. Cylinder with air- 
' holes for steadying the flame of the spirit lamp and supporting 
yessels oyer it. Jjarge iron ring with perforation for holding small 
yessele oyer the lamp. Hot plate for drying substances. JjKm 
tveUis for the top of the cylinder, on wluch small and flat- 
bottomed yessels can be placed. Tinned iron sandbaths to pre- 
vent the cracking of glass yessels. Ghriffin's support for test tubes 
on the sandbath. Set of Bohemian breakers for boilings &c. 
Three Clark's test glasses. Porcelain mortar and pestle. Gradu- 
ated measure showing half drachms. Four stirrers for mixing 
liquids, &0. Two watch glasses for weighing, evaporations, &c. 
Hard glass retort and receiver. Set of Hessian crucibles fot 
fusions, &c. Pour Berlin porcelain crucibles for fusions over a 
spirit lamp. Funnel holder for supporting a funnel during filtra- 
tion. Tube holder for holding test tubes during boiling. Blowpipe 
with moveable nozzle. Laimp and support for the blowpipe. 
Betort stand with sliding ring and extra triangle. Five yards of 
glass tubing. Berlin plate for examining coloured precipitates. 
Box containing fifty leaves, each, of blue and red litmus, tur- 
merie, Brazil wood, acetate of lead, and starch test paper. Sheet 
of thin caoutchouc. Platinum capsule, platinum foil, and two 
platinum wires. Three evaporating basins assorted. Twenty 
hard Gecman test tubes. Test tube stand. Test tube brash. 
Four arsenic tubes ior reductions, sublimations, &c. Filter ring 
for supporting a p^per filter without a funnel during filtration. 
Pair of brass tongs for trimming the .lamp. Pair of steel spring 
tongs for holding the platinum capsule. German silver spatulia 
and test spoon. Two iron spoons for preliminary experiments. 
Pipatte for dropping tests, Ac. Three-square flle for cutting 
. jIms tubcfi. B^iin poroetain capsule with handle. Two Berlin 
poroqiain cups for igmtions, &c. 
TkoM Ajtalytzoal Apfasatub, with the addition of a Collec- 
tion of perfectly pure Tests, contained in Z^ Bottles, for Dry 
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COLLECTION OF ANALYTICAL APPABATUS--eM^Nf«f. 

Substances, and 24 Stoppered Bottles for Solui^ona. Price 
£5. 5s. in a packing case. ' 

LABesB Sets of AirALYnoiL Appabatub for LABOSAXqifciBS, 
at from £20 to £50, according to extent. See ** Oofin's 
Illustrated Chemical Catalogue,*' for a particular deecriptioB. 

GEIFFnrS APPARATUS for CHEMICAL ANALYSIS by the 
BLOW-PIPE, comprehending eyerything necesaaiy for that 
purpose. Price £2. 12s. 6d. 

CoNTBHTS. — Japanned blowpipe, brass nozzle. Blowpipe 

lamp. Support for the lamp. St^l tongs for trimming the lamp. 

Twelve tubes for Sublimations. Twelve hard glass test Jiubee. 

Six hard glass arsenic tubes. Charcoal supports for reduction. 

Charcoal supports for fusion. Two holders U>r charcoal supports. 

Steel tongs with platinum point-s. Two pieces of platinum foil. 

Three platinum wires. Copper wire for the detection of (^orine, 

iodine, and bromine. Tin wire for reductions. Books of Utmus, 

turmeric, lead, and Brazil test papers. Square steel anvil* Steel 

hammer with cutting edges. Agate pestle and mortar. Luci&r 

matches. Cotton wick. Two porcelain capsules. File to cat 

glass tubes. Albata spoon and spatula. Boxes and bottles, with 

a supply of the following re-agents : — borax, soda, microcosmic 

salt, solution of nitrate of cobalt, cyanide of potassium, nitre, 

bisulphateof potash, gypsum, fluorspar, nickel borate, lead for 

oupellation, bone ashes, silica. Pair of japanned tin boxes, 

suitably divided to contain all the foregoing articles. Padung 

case, including the whole apparatus. 

CBYSTALLOGRAPHY.— A Sbbies of Okb Huitdbied and 
TwBKTY MoDBLS of Cbystals. Prioc £2. 128. 6d» 

GBIEFIN'S, J. J„ TREATISE ON CRYSTALLOGEAPHY. 

Svo. price 9b. 

GONIOMETEB for measuring the Angles of Detached Crystals and 
Models of Crystals, consisting of a graduated brass semi-circles 
and a Sted Index, price 7s. 6d. 

SEFSTROEM'S BLASTFURNACE, fig. 5, page 48. 

Oatside IMmensions. DimensiOBS of Fire Room. 

Heifcht. Width. Depth. Width. Price. 

9 inches ... 12 inches ... 6^ inches ... 5 inches ... £1 10 D 

12 ... 16 ... n ... 6j ... 2 5 41 

15 ... 18 ... lOi ... 7i ... « 15 

18 ... 24 .., Ua ... 9i ... -8 10 





CEUCIBLES. 


li 


PLATINUM 


CKUCIBLES, with 


Capsule CoTors 




Height 


Width. 


Contents. 


Price according? to 
Weight, about 


1 inch 


J inch .... 


ioz. .. 


14«. 


U 


1* 


i 


2l8. 


li 


U 


i 


308. 


li 


H 


1 


358. 


If 


U 


.. - u .. 


608. 


2 


li 


2 


60b. 



PORCELAIN CEUCIBLES, conical form, with Covers, the 
glaze firm and compact, not liable to crack nor to colour by 
any chemical reagent, and but little influenced by suddep 
changes of temperature. 



No. 
000 

00 



1 

2 

8 

4 



Price. 

, 4d. 

, 6d. 

. 8d. 

9d. 

Is. 



Height. Diameter. 
. finch 1 inch 



1 

1* 
If 
It 



Is. 3d If 

Is. 6d 2 



If 

li 

If 
2f 
2t 
8 



Contents. 
02. 



POECELAIK CRUCIBLES, with Coyers, of the same materiaa 
as the last ; cylindrical form. 

Kg. Price. Height. Diameter. Contents. 

1 7d. li inch 1 inch i oz. 

2 8d If li 1 



LONDON-MADE FIRE-CLAY CRUCIBLES, of the best 
manufacture, capable of resisting high temperatures and the 
action of fluxes, and which, when heated to tofienifig^ retain 
their compact structure, and do not become yesicular, conical 
form. 



X) 


1 


4 





2 


8 





2 


6 





3 








4 








5 






6i in. high, per doz. £0 6 9 

7 — _ 8 6 

8 — — 12 6 

9 — — 15 
10 — — 1 1 



3 in. high, per doz. £0 

4 ^ _ 

4i - - 

5 — — 
6i ^ - 

6 — — 

Covers are the same price as the Crucibles. 

SKITTLE-SHAPED CRUCIBLE^, London made, refractory 
fire-clay. 

8 in. high, per doz. £0 16 

4 — — 2 6 

5 — — 3 

6 ^ _ 8 6 

7 ^ — 4 6 

8 — — 6 6 



9 in. high, per doz. .£0 7 

10 — — 

11 — — 

12 — — 

13 — — 

14 — — 



10 





12 


6 


17 


6 


1 1 





1 6 






12 




CETJCIBLE8 


• 


- 


BLACK LEAD CRUCIBLES and COVERS. 




Cracibles. 


Covers 


• t 


Crucibles. 


Covers. 


Xo. Per doz. 


Per doi 


• 


No. 


Per doz. 


PerdoK. 


1 £0 2 


6 


£0 2 





20 


...£2 12 6 


£l 10 


2 6 





3 





25.. 


.... 3 3 


1 ift ' 


3 6 


6 


4 


3 


30.. 


.... 4 


2 2 


4. 8 


6 


6 


9 


85.. 


.... 4 10 


2 10 


6...... 10 





7 





40.. 


.... 5 5 


.2 17 6 


&. 12 


6 


8 


6 


50.. 


.... 6 10 


8 10 


7 16 





10 





• 60.. 


.... 7 15 


4 5 


8 17 


6 


11 


6 


70.. 


.... 9 


5 


10 1 1 





14 





80.. 


....11 


5 lid 


12 1 6 





17 





90.. 


...12 10 


6 la 


16 1 17 


6 


1 1 


100.. 


....13 


7 


18 2 6 





1 6 





i 


• 


TRIANaULi 


# ■ 
lR crucibles, London made, refractory fiio-claj. 




£0 4 


6 


3 in. 


high, pef gross 


£0 12 e 


2 — 


— . 


6 





4 


' — -~. 


lie 


2t - 


— 


7 


6 


5 


— — 


1 15 



HLTERING^ PAPER, prepared with care from the purest mat^- 
rials. Perfectly free from plaster of Paris, chlorine, smalls, 
and other common impurities. Filters with rapidity ; contains 
no soluble matter ; and gives only ^^ of its weight of ashes.. 

Demy size, 18 by 22| inches, per quire. Is. 3d. 

Out into Circular filters, and sold in packets of 100, as particu* 
larised below. 

FUNNELS for FILTRATION, of GHaas, so formed that the 
vertical section is an equilateoral triangle, which adapts them to 
the shape of a plain filter. 

FILTER BOXES, made of japanned tinplate, round, with cover 
to lift off, adapted to the seven sizes of Circular Filters, of 
which each box holds 200. 



CIRCUIAR FILTERS. 

DUiine^r in Price 
Inches. per 100. 

2 0* Zd 



FUNNELS. 



Price. 



2i 

54 

7h 








1 
1 



3 
5 

7 
8 


4 



Diameter in 
Inches. 
1 0* Zd 



U 

2 

21 
3 

4 
6 

8 










1 



3 
3 
4 
5 
6 
8 
2 



FILTER BOXES. 



Diameter in 
Inches. 

24 

3 

34 

44 

54 

64 

8 



Price. 

.. 0* 44 
.06 
.06 
.07 
.08 
.10 
. 1 3 



2 
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FILTERS— con/mtt«rf. 

Circukr Filters, per set of 700, 48. 6d. 

Funnel* — 7, 2s. 8d. 

Filter Boxes -^ 7, 48. lOd. 

The^articles in the same line in the aboTe table match with one 
another*. 

Fliff^ Cases, adapted to contain 700 Circular Filters, cut 
ready for use, namely, 100 each of seven sizes, as above, 
from 2 inches to 7^ inches diameter, each size of Filter being 
"kept in a separate receptacle, the whole closing with a common 
door, secured by a snap. Japanned tinplate, 9s. 

Ditto, filled with 700 Filters, 13s. 6d. 

FUNNEL HOLDER of polished black wood, the vm moveable, 
and adapted for Funnels of aU sizes, Is. 6d. 

EVAPORATINa BASINS of BERLIN PORCELAIN. 



ifo. 


Price. Diameter. Ckmtenta. 


No. 


Price. Di 


ameter. 


Contents. 


00 . 


.£006 ... 2f ... 2 oz. 


6 


...£0 2 


... 6 


...16 oz. 


.. 


. 7 ... 3i ... 2i 


7 


... 2 6 


... 7i 


... Ipint 


I .. 


. 9 ... 3i ... 3 


8 


... 3 6 


... 8J 


... 2 


2 . 


.. 10 ... 3f ... 4 


9 


... 5 


...10 


... 4 


8 .. 


. 1 2 ... 4 ... 6 


10 


... 8 


...12 


... 7 


4 .. 


. 1 4 ... 44 ... 8 


11 


... 9 


...14 


...10 


6 .. 


. 1 8 ... 4i ...10 


12 


... 1 4 


...1^ 


...18 



ALCALIMETERS, or GRADUATED POUBETS, vmIous scales, 
such as 

700 grains divided into 100 divisions 

1000 grains — 100 — 

50 grammes — 100 — 

Or any other Scale. Price 7b. 6d. each. 
The graduation of the above is effected by the aid of machinery, 
and its accuracy may be reUed on. 

BLASTING of ROCKS. — Galvanic Batteries, with fine jla- 
tinum wire, 5^ inch in pliameter, insulated copper wirfe, And 
every requisite for the Blasting of Hocks by galvanic agenty, 
£12 to £20. 

iXAfiKS for making Sohitions of Metals, Ac., of German glass, 
capable of sustaining sudden changes <rf temperature without 
cracking. 



ODntebt8 4oz 4b. perdos. 

— 6— 4s. — 

— 8— 6s. — 

— 12— 8s. — 



Contents 16 oz lOs.perdoz. 

— 20— 128. — 

— 30— 158. — 

— 40— 24b. — 



14 BBTOBT STANDS JlSB TSST GCASSES. 

BERLIN PORCELAIN MORTARS, with Pestles . 

SJ inches diameter £0 2 

4j — — 3 

54 — — 4 

RETORT STANDS. 

Rbtobt Stand, with square iron foot, rod 11 iinc^efe long 
by i inches diameter, and three brass rings, 3 inches, 2| 
inches, and 1 1 inches in diameter. 3s. 

RBTOBT STAin>, with flat oval iron foot, rod 20 inches long 
by 4 inch diameter, and three solid iron rings, 2 in., 3 in., and 
4i in. in diameter. 5s. 

ARGIND SPIRIT LAMP, with circular wick, having all the 
improvements of Berzelins, Mitscherlich, and Liebig, with 
support, consisting of rod and foot, two retort rings, crucible 
jacket, and one dozen wicks. 21s. 

ARG-AND SPIRIT LAMP, with three feet and handle $ for 
evaporation, digesting,, and as a general source of heat in those 
countries where spirit is cheap. Three sizes (see Gteneral Ca* 
talogue, fig. 506), 15s., 21s., and 308. 

SPECIFIC GRAVITY BOTTLE, in japanned tin co9^ with 
counterpoise. 

No. 1 Contents 1000 grains £0 7 6 

— 2 — 500 — 6 

— 3 — 250 — 5 6 

THERMOMETERS, with Fahrenheit's or the Centigrade Scale. 
The Scale written on milk glass, and sealed with the thermo- 
meter stem in a glass tube, so that the thermometer can be 
completely immersed in a boiling fluid without any injury to 
the scale. The mercurial tube has Ajfat bore, which renders 
the position of the mercury more distinct. 

Range from about -40 to + 212° £0 8 6 

«- _ -40 to +300 10 6 

^ — -40 to +600 16 

TEST GLASSES. 

Test Glass, Clark's pattern, conical, on foot, contents one 
ounce, height 8^ inches, width at mouth 2 inches. 6d. 

Test Glass, cylindrical, on foot. 

Piice. Height. Width at mouth. Contents^ 

Is. 5^ ~ ...... If 4 OK, 

Is 6^. U 3 

l8.6d ;. 7 . 2i ...:.. 12 



COLLECTIONS or BOCKS AKD MnfEBALS. 15 

OBGhANIG ANALYSIS.>-Coinbu8t.ion Furnaces, and all the ap- 
paratus and materials for the ultimate analysis of organic bodies, 
and for the estimation of carbon in cast iron, and similar ope* 
rations^ will be found described in our General Catalogue. 



COLLECTIONS OF MINEEAL-S AND EOCKS 

AT GBEATLY BEDUCED PBICES. 

THB HEIDELBERa SUBSCRIPTION COLLECTION of 
BOCKS and FOSSILS, prepared under the superintendence 
of Professors Leonhabd and Bbonit. 

Sbybn Hundbed Specimens. 

The size of these specimens is 9 square inches ; each specimen 
is accompanied by a printed descriptive ticket in English, French, 
and German, and there is a printed Catalogue of the whole. 

O-reat labour and expense have been incurred to ensure for 
this Gheological Collection the character of unusual completeness 
and usefulness. It contains not only a collection of well- 
characterised specimens of all the Bocks and Fossils of most 
frequent occurrence, but also specimens of great rareness and 
exoellonoe, including complete suites from the Paris Basin, the 
Vienna Basin, the Tyrol, from Sicily, North America, Brazil, 
&c. The names of the specimens being given on the authority of 
those eminent Geologists, Professors Leonhard and Bronn, may 
be implicitly reUed on, which gives a high scientific character to 
this Collection. 

Messrs. Johk J. GBiFFnr and Co. having been appointed by the 
Heidelbebo Minebal Institution to be their Sole 
Agents in England, are enabled to offer this Magnificent 
Geological Collection of Seven Hundred Specimens for the 
low price of 20 guineas, delivered in London free of expense. 

COLLECTIONS of MINERALS and BOCKS in CABINET^ 

ThefoUowing Collections are recommended to those who are 
commencing the etudy of Mineralogy and Geology. Thev are all 
contained in handsome poUshed Mahogany Cabinets, opening witli 
doors, and containing mahogany drawers. Every specimen is 
placed in a separate pasteboard tray, covered with enamelled 
green paper. Size of Specimens about three square inches. 

Cabinet of 100 sunple Minerals £2 12 6 

Cabinet of 100 Rocks and Fossils 2 12 6 

Cabinet of l&d simple Minerals 4 4 

Cabinet of 150 Rocks and Fossils 4 4 

Cabinet of 200 Minerals, Rocks, and Fossils ... 5 5 



16 COLLEGTIOVS OF ICINEItAXS AITB ORES. 

ELBMENTS of MINEBALOOY and OEOLOGT. By I^fessor 
SCHOIDLER. Edited hj H. Mbdlock, F.C<fi., Senior Asastant 
in the Boyal College of Chemistiy, London. lUuBtrmted hj 
128 Woodcuts, 2s. 6d. doth. 

LABGEB COLLECTIONS of MIKEBALS, not in Cabinets. 

Two Hundred Specimens, sise 4 square inches ...£4 4 O 

Three Hundred Specimens, size 4 square inches ... 6 10 O 

Four Hundred Specimens, size 6 square inches .., 18 13 O 

Fire Hundred Specimens, size 6 squan inches ... 20 O O 



COLLECTIONS OF METALLIC OBES, compn^iending Speci- 
mens of the most important Minerals smelted for the useful 
Metals. 

One Hundred Specimens, 

Ditto 

Ditto 

Ditto 
One Hundred and Sixty Specimens 6 
Two Hundred Specimens 

Ditto 

Ditto 

TECHNOLOOICAL MINEBALOGY: a Collection of Two 
Hundred Specimens of Bocks and Minerals, arranged in Classes 
according to the uses to which they are applied m the Arts. 
Siie 6 square inches. £5. 5s. 

COLLECTION of nFTY-FOFB MINEBALS for BLOWPP'E 
EXPEBIMENTS, in a divide Box. lQ8.6d. 

COLLECTION of EIGHTY FBAGMENTS of MINERALS, 
with a List. In a Box. 6s. Collection of laiger Minerftls, Se. 



size 2 square inches.. .i^ 


O 


8 ditto 


... 3 10 





4 ditto 


... 4 4 





6 ditto 


... 5 5 





[iens6 ' ditto 


... 8 





1 ditto 


... 6 6 





4 ditto 


...10 





6 ditto 


... 12 12 






All other articles required by the MetaUurgist for Assaying in tfa^ 
Dry way, or for Analytical Processes in the Humid way, are 
supplied by Messrs. Gbiffi n and Co. See their IUiUSTBAted 
Catalogue of Chemical and Philosophical Apparatus, 8to. 
1203 figures, price 2s. london, 1852. 

*ii* Export Ordert executed with fromptUude* 
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KNCYCLOP^EDIA METROPOL.ITANA; 

Or, Ssstem of Qntbersal %notDle1ige : 

ON A METHODICAL PLAN, PROJECTED BT S. T. COLERIDGE. 

New and Revised Edition^ printed in Crown 8vo. 

Publi^ed in Monthly Volumes, each containing a Complete Treatise. 



The Second Edition of the ENCYCLOPiEDiA Metropolitana will be 
handsomely printed, in a series of Cabinet Volumes in Crown Octavo, 
on Long Primer Type. The whole Work will be thoroughly Revised, 
many New Treatises will be added, and the articles will all be provided 
with comprehensive Indexes, or with analytical Tables of Contents. 
It will be abundantly Illustrated by Maps, Woodcuts, and Engravings. 
The Plan of the Work, the Names of the Contributors, and a Detailed 
Account of the Contents, are given in a Prospectus, which may be had 
gratis of all Booksellers. 

OSinCAL OPINIONS OF THIS WOBK. 

" The greatest and most important literary enterprise of the time."— CWftc. 

" A great mistalie was made in the determination, adopted by the original proprietors of the 
Encyclopiedia Metropolitana, not to sell tlieir treatises separately. While many were asltin^; 
after the valuable separate works which the proprietors had cauat^d to be written, they supplied 
the demand by offers of detached portions at a guinea each. ' Herschel on Light,' for instance, 
which was translated into French, and could thus be procured for a few shillings, formed a por- 
tion of ftve or six guinea parts, and latterly of a bulky volumo. The string is broken by the new 
proprietors, who have a bstter eye to tlieir own interest ; and the bulky Encyclopaedia has become 
a collection of separately-sold treatises. There is no greater miDtiike than the supposition that 
the public will buy any whole on a large scale for the sake of some of the pcurts, when they 
do not want the rest A few persons may" be compelled to make the outlay i but the publisher's 
profit is made generally by the maxim that much silver is better than little gold, and that four 
mfty often be got in the form of two and two, where it cannot in a single tkg»xe."—Athen<jBum, 
May 9t/(, l84d. in a Jfevitw of tke Ee-issue of the Ho Edition in tayta. 

" We have here the Ninth Volume of the New Edition of the Encyclopsedia Metropolitana, 
which is now in progress of publication. The idea of thus re-publishing that excellent work in 
Cabinet volumes, each containing a complete treatise, deserves all encouragement. Among the 
contributors to the first edition of the Encyclopaedia were men of great eminence in their several 
departments. Their articles were not meagre compilations hastily git up by r< w recruits, but 
the matui*ed results ot <ieop investigation on the part of men wlio had won for themselves high 
standing. Those of Dr. Whately on ' Logic ' and ' Khetoric ' have long ago been published separ- 
ately, with additions, and now rank among tlie best treati.ses on these sulijects. There is a com- 
pleteness about all the articles here reprinted, that reixlcrs them well worthy of being re-isstued 
in a separate form. They are thus brought within the reach of readers who micht shrink from 
the purchase of the whole Encyclopiedia. In most cases they have been specially revised and 



2 XEW WOBKS AND NEW EDITIONS 

EncydoiWBdiA Metropolitana, contimted. 

enlarged bv the aathort, for this bane. Few materials on the difllBrent sntijects hare been aome- 
tinies mppiied bjr ftesh hands. ... All c la Bslcal quotations that occur are translated into 
SngUsh, for the sake of the general reader."— ^Maunm, Deember 28tk, 1860. 

" The preient iuue of the Kneydopiedla Metropolitana promiaes to be one of the moet naefiil 
works we have ac^n for many years. To the praise of utility must be joined the commendation of 
wonderful moderation in price, so that Messrs. Oriffln are about to me the world not only the 
best, but the cheapest. Encyclopedia that has yet appeared. This is high Luidatkm. bat nst 
nndeaerred."— WteUf ChrcmicU. 

" Messrs. OrifBn and Co . having become proprieton of the most methodical of our books of 
universal knowledge. ' The Kncyclopcedia Metropolitana.' hare determined on issuing^ a Cabinet 
Edition of it i and they have commenced to do so in a s^Ie of elegance, taste, and cheimneas. as 
remarkable as the quality of the writhig of this distinguished work."— Weddp Aews. 

" A very useful undertaking. The high character of the original work precludes the necessity 
of saying anything here In Its praise The merit of the present pnbUcatlon Ilea in tli« better 
arrangement of the matter. Its cheapness and portability are also strong recommendations." 
—AiliU. 

" As to the vtan of this EncyclopmSa. there never was such a prospectus, (it Is re-pahhshsd 
with the new issue) i It is a miniature treatise on Encvclopndias, giving the pith of all that can be 
s«^ for. against, or about them, in a way of which Colsridpb alone was capable, and with 
cteamess and brevity which, unaided by careftil Interpreters of his ideas, he did not always 
attain. Its chances of success were augmented by the great and varied abifity of the contribators 
enlisted in Its service. Other Bncydopasdias may vie with it in special departments, and indi- 
vidual men. but none can boast such a uniform excellence in its staff, or sucb a selection of emi- 
nent men in every branch, both of scientiflc and polite learning, as the Metropolitanit. Tlie 
names of Airy. Arnold. Habbage. Blomfleld, Coleridge, Hamnden, Herschd. Newman, Peacock. 
Roget, Senior, Talfourd. Wbately, WbeweU, and a score of others, exhibit such a comUnation of 
original genius, scientiflc acquirement, and literary, ecclesiastical, and political eminence, as fi»w 
publications in any country or in any age could hope to rival. No work of the kind will bear a 
stricter examination, or be found throughout to have lieen more carefully and consdentioasly 
executed. Its reputation will increase with years. Under its new form of a Cabinet Bdltion. 
published in monthly volumes, it will make an admirable popular library. If the re-arrange- 
ment be but judiciously carried out. none of its competitors will surpass it In cheapness and 
utility. It will be emphatically ' ths Cabina EneyclofMBdia.' "—DaOig Aews. 

" In proposing to publish a second edition of the ' Encyctopaedia MetropoUtana.* the present 
propriotors have not followed the accustomed course of ' bringing the work down' to the iMesent 
date of science, by notes contradicting the text, or interposed parenthetical sentences, destroying 
all continuity of thought. Borne treatises have been re-written, of course, by the CHrigintQ 
authors, some have been replaced by worthier productions, and the wholo mass of materials 
has been redeemed fh>m the conftision of an alphabetical arrangement, and ordered ntethodi- 
cally under subjects. The stately but inconvenient quarto form has also been abandoned foe a 
portable size t a broad page displays the text in a bold type, with the convenience of side notes, 
and an abundance of really pertinent illustrations. Of course this arrangement rendos aeparate 
treatises accessible to the public, and thus extends their utility far beyond the class able to 
command the entire Encvclopanlia. The large heart of Coleridge would have dilated could he 
have seen the work in which he felt so much interest so worthily brought before the nation."— 
Exprtu, Avgtut 28d. 18-51. 

" It is scarcely neceuary now to praise the Ei»epeJ4>padia IfetrtmoUtana. Its fame is estab- 
lished. As its design was unique, so was its execution unrivalled. The ablest writers of the day 
were employed on every departmont, and it has remained a wonderful monument of hunum wis- 
dom gathered together by an extraordinary outlay of capital But knowledge is oontinuaUy 
advancing. La^ge stores have been added since it was written. Its cost. too. has hithertoo 
placed it beyond the reach of any but the wealthy. We have now to report a hold, but. we have 
no doubt, suocessfol. dealing with it. The present proprietors have determined to adapt it to the 

J resent state of information, in a new edition, and publish it in a cheap and portable rorm. The 
rat part of the enterprise is before us : it contains CoLsninoB's famous ' Treatise on Method.' 
whicn was written as an introduction to the Cyelopadia itself, and upon the plan of which it was 
framed. This Cyciopcadia is not merely for reference, but it is a book to be rtad ; it is indeed a 
systematic summary of human knowledge methodically arranged, and therefore the value of a 
cabinet edition of it. which may be easily held in the hand, or carried in the pocket, will be 
understood. As we shall doubtless have frequent opportunities of noticing it in the counee of its 
publication, and of describing its progress and contents irom number to number, we need do no 
more at present than recommmd it to the attention of our numerous readers."— CH(»e. 2>«Mn- 
ber I. 1849. 

" We say. all hall to the new and important enterprise of the Messrs. OrifRn. They hare 
renewed a literary production, containing the ripe thoughts of England's mighty minds. . . . 
The ideasof order and arrangement on which the immense literary and scientiflc treasury was 
based, was the favourite theme and projection of no less a man than the unrivalled Coleridge. 
. . . The idea of re-issuing such a gigantic production in small, elegant, portable vohimee. is a 
happy one— . . . one of the auspicious omens of our times."— ITn/tod /V«afiyf«rt'an Jfu^ 
anne. 

" The determination to republish this voluminous work in octavo volumes, each volume being 
devoteid to a separate subject, and. in every instance, either revised by the author, or by aome <me 
equally conversant with the sulyect. deserves the utmost success." — Art Jovmal. 

" We have much pleasure in strongly recommending this edition of the ' Encydopiedla Metro- 
politana.' Tt is an extensive lihrtiry of useful knowledge In itself, and the separate voloines are 
standard works on the several subjects."— TTtfneM. 

" The valuable series now beinjr issued in the form of the second edition of the Encyckmsedla 
Metropolitana."— .Coptift Magatxiu. 
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Volumes now Ready :— 

Vol. I., price 2s., cloth lettered, 

INTBODUGTOBY DIS8EKTATI0N on the SCIENCE of METHOD. 
By Samuel Taylor Coleridge. With a Synopsis. 

Contents:— Philosophical Principles of Method ; Illustration of those Principles ; 
Application to the General Concatenation and Development of Studies; Plan of the 
Encyclopaedia Metropolitana as founded on the Principles of Method. 

" The original plan of the Enoyclopflodia was framed by Samuel Tavlor Coleridge— exactly the 
task which to his analytical, yet oonstructiye, mind, would prove a labour of love. The prelim- 
inary 'Treatise on Method'^ Is characterised by many of the peculiarities of his mindi but 
though somewhat ostentatiously philosophical, tt is, nerertheless, quite practical. In Itself it 
forms a valuable manual— a skeleton of general knowledge."— ^tla«. 

" The Essay here reprinted Is the most suggestive contribution to the department of human 
wisdom of wluch our language can boast "— WeelUy New$. 

" The treatise of Coleridge upon Method lays down land-marks, which, once obaerred, it is 
not possible to wander into error.— ifonun^ HercUd. 



Vol. II., price 6s., cloth lettered, 

THE FHILOSOFHT OF LANGrUAOE: Fart I., comprehending 
UNIVERSAL GRAMMAR, or the Pure Science of Language. By 
Sir John Stoddart, Knt, LL.D. Second Edition, Revised by the 
Author. 

Contents :— Philosophy of Language ; Preliminary View of those Faculties of the 
Intellect and Will on which the Science of Language depends ; Of Sentences; Words 
as Parts of Speech; Nouns; Participles; Pronouns; Verbs; Articles: Prepositions; 
Coivjnnctions; Adverbs; Interjections; Particles; The Mechanism of Speech. 

" We are not aware that there is, in our English Uterature, a more complete treatise than 
that which is named at the head of this notion— learned without ostentation, simple without 
meagreness. It is the work of a profoimd thinker and of a ripe scholar."— WeeUp Chronide. 

" We commend this truly valuable and important work to the attention of the public. "— 
Morning Htrald. 

" Sir John Stoddart's volume has, we are informed, been welcomed by the first philologists of 
the day, as a monument of industry. It is a magaiine illustrative of the power of words, and 
their relations in difllarent dialects."— TVitt't Magatine. 

" Before we conclude, we must express our thanks to the present proprietor of the Enepcto]»crdia 
MetrapoUtana, tor this republication of the most valuable portions of a work which, in its original 
form, was like Henry Wynd's Sampson, ' somewhat ponderous.' Some of the principal treatises 
have for some time past been before the public in a separate form. We have lung wished to see 
others following in the same tract, and none more so than the Uvivsrsai. Orajuiah of Sir Jouir 
Stoddakt. which, notwithstanding a few differences in point of detail, we consider as, on the 
whole, the soundest and most philosophical treatise of the kind in the English Langui^ge- The 
plan of our remarks has compelled us to leave unnoticed some of its merits. We have said 
nothing of tbe many interesting illustrations whicti the author's extensive acquaintance with 
English literature, especially with our older writers, has enabled him to sapplv. Nor have we 
done justice to the excellent philosophical spirit which pervades the whole. — North BrUi»h 
Sevievi, November, 1860. 

" Sir John Stoddart's famous Treatise on Universal Grammar."— CWtie. December, 1818. 

" An excellent digest, distinguished by many acute and tasteful criticisms."— l7i»A<(l Presby- 
terian Magaxinit. 

" Scientiflc precision and learned research are skilfully associated with a fine selection of 
popular illustrations." — 8eotti»h Quardian. 

" Sir John Stoddart is well known as one of the ablest philologists of the day, and has devoted 
the intervals of a life of professional activity and usefulness to the cultivation of this recondite 
and curious subject."— Obuyptcr Citizen. 

"Wo cordially recommend this work to the notice of instructors."— AtpIisA JotimtU of £d«*> 
eoHon. 



t Vol. III. price 3s., cloth lettered. 

LOGIC. By the Host Beverend Biehard Whately, D.D., Archbishop 

* of Dablin; The Original Edition, complete, with a Comprehensive 

' Synopsis and a Copious Index by the Editor. 

i Contents.— Introduction : Definition of Logic, History, Analytical Sketch of the 

t Logical System.— Chap. I. Of the Operations of the Mmd and of Terms —Chap. 
II. Of Propositions.— Chap. III. Of Arguments— Chap IV. Of Modal Syllogisms, 
f &C.— Chap. V. of Fallacies.— Chap. VI. Essay on the Province of Reasoninfl^ 
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VoL IV., price 38. 6d., doth lettered, 

BHETOBIC. By the Host Beverend Biehard Whately. D.D., Arch- 
bishop of Dablin. The Original Edition, complete, with a Compre- 
hensive Synopsis and a Copious Index by the Editor. 

Contexts — Introdaction: Exposition of the sabject.— Chap. I. Of the InventioD, 
Arrangement, and Introduction of Arguments. 1. Of Propositions to be Main- 
tained. 2. Of Argmnenta 3. Of the various Use and Order of the several kinds of 
Propositions and of Arguments in different cases. 4. Of Introduction. — Chap. IL 
Of Persuasion.— Chap. III. Style. 1. Perspicuity of Style. 2. Energy of Style. S. 
Elegance of Style —Chap. IV. Elocution. 



Vol. v., price 68., doth lettered, 

HI8T0BY of the CHBISTIAIT CHUKGH. First Division: TEE 
RISE AND EARLY PROGRESS OP CHRISTIANITY. By the 
Ri^ht Reverend Samuel Hini>s, D.D., Bishop of Norwich. A Neir 
Edition, Revised. To which is added, a Dissertation on Miracles. 
By the Rev. J. H. Newman, B.D., Oriel College, Oxford. 

Contents.— 1. Introduction to History of Early Christianity; Religion of tlie 
Gentiles, of the Jews, and of the Samaritana Part 1. The Ministry of Christ 
Part 2. The Apostolic Age. Part 3. Age of the Apostolical Fathers. — II. Correspon- 
dence between Pliny the Consul and the Emperor Trs^an, respecting the Early 
Christiana— III. Life of ApoUonius Tyanseus; with a Comparison between the 
Miracles of Scripture and those elsewhere related as regards their respective 
Object, Nature, and Evidence. 

" Erudite research ii here combined with independent thocurht. The hbtarlcal narrative flows 
gracefully along. A certain agreeable tone of generoiu and liberal feeling pervades the wtriL' ' 
— SeotHsh Guardian. 

" An admiraUe oompend- frank and liberal."— Vniud FrtOrnUiriam Magofin*. 



Vol. VI., price 48., cloth lettered, 

FOUTIGAL ECONOMY. By William Nassau Senior, Esq., A.1L 

Professor of Political Economy in the University of Oxford. 

Contents— Political Economy, the Science which Treats of the Nature, the Pro- 
duction, and the Distribution of Wealth. Nature of Wealth. Value. Four Ele- 
mentary Propositions of the Science: 1, General Desire for Wealth ; 2, Causes whicb 
limit Population; 3, Production, Instruments of Production, Capital and Labour; 
4, Comparison of Manufactures with Agriculture. Distribution of Wealth ; Ex- 
change : Monopolies ; Rent ; Wages ; Profit ; Emigration. With an Index. 

" Mr. Senior has long stood in the highest ranks as a teacher of the great facts of politieal 
economy, and his well-known treatise on that important science requires no lUd ftom us in the 
way of introduction or recommendation. All who would understand the course and tendencies of 
modern civilization its great basis, and its working prlncipl«'S. with their results, sliould study 
this volume, embracing a clear vidimua of the subject, with its later addidons and improvementa. " 
Oltugow Citizen. 

" The proprietors of the Encyclopaedia Metropolitana are publishing a second or cabinet 
edition orthat very learned work in crown octaTo, every treatise Iteing thoroughly revised, and 
this work of Mr. Senior's forms one of the volumes. It is strictly a treatise on the science <A 
political economy, coiitined to the nature, production, and distribution of wealth. . . . Abas- 
ing these imperfections, it is demonstrative and clearly written, and the public, we are sure, will 
receive it in its new form with satisfaction. It is a great advantage to have the whole science ia 
a single volume. If it be in consequence much less discursive than the l.-ir^ volumes of Mr. 
Mill, or the thick, closely printed edition of Smith by Mr. M'Cuiloch, it Is mui-e strictly scientiflc, 
and in that sense deserves approbation."— foonomist. No. S44. 

" A treatise of Ugh reputation, originally published in the ' Encyclopaedia Metropolitsuaa 'bimI 
now rendered accessible to the public at large, by appearing in a separate form— that of a 'small 
octavo volume." — WtstminiUr Ueview 
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Vol. VII., price 28. 6d,, doth lettered, 

HISTOBY of the JEWS, from the Time of Alexander the Great 
to the Destruction of Jerusalem by Titus. A.M. 3595, B.C. 409, to 
A.D. 70. By the Venerable William Hale Hale, M.A., Master of 
the Charter House, and Archdeacon of London. 

CoirrENTs — Chap. I From the time of Alexander the Great to the time of the 
Maccabees.^Chap. II. Review of the State of Religion in Judsea from the time of 
Nehemiah to the time of the Maccabees.— Chap. III. The Asamonean Princes.— 
Chap. rv. Herod the Great — Ctiap. V. History of the Jews, fh)m the Death of 
Herod the Great to the Destruction of Jemsalem. 



Vol. Vin., price 68., cloth lettered, 

8ACBED HISTOBY and BI06BAPHY, from the Antediluvian Period 
to the time of the Prophet Malachi. a.m. 1 to A.M. 3607, b.c. 397. 
I Edited by the Kev. F. A. Cox, D.D.y LL.D. 

CoNTEKTs.— Introdnctory Dissertation: On the Claims and Uses of Sacred His- 
tory.— Chap. L Antediluvian Period.— II. Patriarchal Age.— IIL Job.— IV. Mosea 

ji — V. Joshua.— VL The Judges of Israel to the Monarchy under David, — VII, 
David — ^VIII. The Israelitisua Monarchy from the Reign of Solomon to the Cap- 
tivity of the TenTribes.- IX- The Israelitish Monarchy from the Captivity of the 
Ten Tribes to the Captivity of Judah.— X. Isaiah, and the Historical Events con- 

I nected with his Prophecies.— XI. Nebuchadnezzar.— XIL Daniel.— XIIL JeremiaJi. 

f —XIV. EzekieL~XV. Ezra and Nehemiah.— XVL The Latter Minor Prophets.— 

I XVII. The Illustrious Women of Ancient IsraeL— Index. 

f ' ' PleMing and good, and worthy of general attention."— United FreAfUritm Mageurime. 

i "We recommend this, along with the able volumes of the uune series, to the attention of our 

teadan."— Baptist Magaxine. 



Vol. IX., price 78. 6d., cloth, lettered. 

HISTOBY of OBEER LITEBATirBE. By the Hon. Sir Thomas 
Noon Talfourd, D.C.L.; the Right Keverend Charles James 
Blomfield, D.D., Bishop of London; B. Whitcohbb, Esq., M.A., 
Trinity College, Cambridge; E. Pococke, Esq.; the Bev. J. B. 
Ottley, M.A., late Fellow of Oriel College, Oxford; and the Rev. 
Henry Thompson, M.A., late Scholar of St John's College, Cam- 
bridge, Curate of Wrington. 

Contents.- Early Greek Poetry: Tragic Poets of Greece, with a View of the 
I Greek Tragedy.— C&iorus in Ancient Tragedy.— Lyric Poets of Greece.— Old Comedy 
( of Greece.— Middle and New Comedy of Greece. — Poets of the Middle Comedy, 

Poets of the New Comedy. — Ionic -Logographers.— GreeJc Historians. — Greek Ora- 
i tors.— Greek Pastoral Poetry.— Philological Notes: The Greek Article; Digamma; 

Dithyrambus. — Greek Literary Chronology.— Index. 

" We need only to refer to the names prefixed to this notice of the editors of this volume, as 
amongst the most eminent Greek scholars of the day, as a guarantee fbr the completeness of the 
t workJ'—Ola»(f<m CUitm. 

" The present volume comprises papers on the early Oreek Poets— the tragic, ootnio, and lyric 
poets of Greece, and the Greek historians and orators. Those hy Mr. Justice Talfourd are par- 
ticularly interesting. They are flill of information, expressed in the choicest language. Biogra- 

' phical details are mterspersed with masterly criticisms and eloquent tributes of admiration. 

Classic elegance and graoeftilness shine forth on evety page. All the questions revised in oon- 

I nection with Homer are treated very ftdly and ably. Tlie tragedians, also, are faithlUlly 

I sketched, the characteristics of each pointed out, and their remaining works briefly described."— 

I AAtiuBum, DMmnber 28, ISfiO. 

.. .. " These papers appeared in several separate volumes of the original work, in quarto, but 
' are now happily blendea in this graceAil volume, flill of information Mid reading, not to be for- 

* gotten by well-educated persons. Mr. Justice Talfourd has much improved his four contributions 

; on Early Greek Poetry, Tragedy. Lyrics, and History. They are elegant productions, without 

' diving into the depths of Colonel Mure ; and may advantageously be perused either as a step 

towaras. or a ' refiresher* after pondering on the immense research of that acc<naplished author. 

Altogether we are much deligfited with this classical selection, and cordially recommend 
( all students emulous of belonging to the ranks of superior cultivation. ' '—Literary Qatette. 
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History of Oreek Literature, continued. 

" The pr«Mnt Tolame U the moat attractive of the Mries yet published, as the namee of tb« 

writera will show A volame which mi^t adTantageoiuIy be read in aehoda. and which wiU 

be a ▼aluable addition to the clauical library."— CWli«. 

" The volume, as a whole, is admirable— minute in its detaOs. fehcitous In its criticism, and 

generally lively and graphic in iU style The work is one of distinffulsbed literary ex- 

cellenee."— AMMif* OMorditm. ^ 

'* k Muttiim Im pamto of blended elegance and erudition."— 17iu(«d PrutfyUriam Magcunnt. 



Vol. X., price 5b., cloth lettered, 

MOBAL and METAPHYSICAL PHILOSOPHY. By the Bev. F. P. 

Maurice, Chaplain to Lincoln's Inn, Professor of Ecclesiastical 
History, King's College, London. A New Edition, entirely Be- written. 
Part L Ancient Philosophy. 

This work treats of the Philosophy before the Ck)ining of C9iri8t The subjects 
considered are,— 1st, The Hebrew Philosophy; 2d, t^e Egyptian, Phoenician^ 
Assyrian; Sd, the Hindoo; 4th, the Chinese; 6th, the Persian; 6tti, the Greek; 7th, 
the Roman; 8th, The Graeco-Hebraic or Alexandrian Philosophy. 

" The Rev. Mr. Maurice's Article on Moral and Metaphysieal PhUosophy is now eixpanded 
into a good-siied Tolume. and la rendered macb more complete and Batiafactory. From tbe 
earliest dates in the aunals of the human race the author follows up his inqumes. and de- 
flues, as far as they are susceptible of definition from their remains and obscurities, the philoeo- 
phies of the Hebrews, Egyptians. Phoenicians, Hindoos. Chinese, Persian, Oredan. and Roman. 
Of course, the Grecian occupies tbe far Uurgest share of the work, and we have tbe doctrines of 
the Schools explained from tbehr beginning, to the end of tbe later sects."— Xrjtorory Oasette. 

" Replete with striking and origrinal thought."— United Presbyteri<m Magatme, 

"TbiB Tolume now before us is the first of the two that are to comprise the History of Moral 
and Metaphysical PhikMopby. Mr. Maurice treats ftilly of the Ancient PhOoaophy, commencini; 
with that of the Hebrews, and then proceeding to describe successively that of the Kgyptians. 
Phoenicians, and Assyrians. Thence ne turns to tbe Hindoo Philosophy, of which he poreeenta by 
far tbe most clear and intelligible sketch we have ever seen. The Chinese Philosophy fidlows .- 
then that of Persia, then that of Greece. This he reviews under four grand divisions, the Philo- 
sophy before the time of Socrates : its progress fix>m Socrates to Aristotle, and to the philosophy 
of Aristotle he devotes an entire section. The succeeding later sects are grouped together and 
described more briefiy. Tbe Roman and the Alexandrian Philosophies complete the sul|}ect, 
which is treated with the fblness of infomuUton that proves how mUmately the author is ac- 
quainted with his theme."— CHtie. 



Vol. XL, price Ss., cloth lettered, 

INTBOBUCnON to UNIVEBSAL HISTORY. Two Bissertatloxui :— 

1. On the USES of HISTORY as a STUDY; 2. On the SEPARA- 
TION of the EARLY FACTS of HISTORY from FABLE. By Sir 
John Stoddart, Kut, LL.D. A New Edition, Re- written. 

Synopsis.— Meaning of the Word History— Manner of Relating— Utility, History 
a Source of Pleasure— Qualifications of the Historian— Particular Historians — Order 
of Study— Separation of Fact prom Fable— Chronology— Geography— Origin of 
Mythology—Political Fictions— Profane History— Egypt, ScriptursJ and Classical 
Account of— Egypt, Modem Accounts of— India, Scriptural and Classical Account of 
—India, Literature and Religions of— China— Scythians— Tartars— Samatians— Huns 
— Qoths— Celts— Babylonian and Assyrian Empires— Modes and Persians— Arabians 
—Syrians and Phoenicians— Greeks— Italy— Romans— Africa— Ethiopians— America 
—North America— Red Indians—Central America— South America. 

" The tltird is Sir John Stoddart's most instructive Introduction to the Studv of Universal His- 
tory, ' re-written,' in which, after illastratlner the uses of History as a study, tbe well-read author 
erives us a second Dissertation on the separation of tbe early facts of History ftom Fable, so full 
of curious and interesting matter, that we cannot speak too highly in its praise. Tbe fktcts are 
very concisely stated, are as numerous as they are important for the true understanding of a 
vast proportion of those works which are held to be neeoed for our education and studious tolls." 
— Litereuy OcuetU, 

" It is impossible to speak too biglily of the enlarged and enlightened views of the author : his 
estimate of the qualities requidte to an historian should be read by all who think of venturing 
upon the composition of histoiy. that they may try their own competency, or make due prepara- 
tion before they begin. His sketch of the uses of nistorv is of no less interest and importance to 
the reader. This is a book to be read in schools, as well as to be placed upon the historical shelf 
in every library."— CH(io. 
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Vol. XII., price 8s. 6d., cloth lettered, 

A MANUAL of BOHAN ANTIQUITIES. By William Bamsay, 
A.M., Trinity College, Cambridge, Professor of Humanity in the 
University of Glasgow. With Map and numerous Engravings. 

Contents.— Topography of Rome— Origin of the Roman People, and Political and 
Social Organization— Genei^ Principles of the Roman Constitution— The Comitia— 
Magistrates— The Senate— Public Lands, and Adrian Laws— Roman Revenues- 
Roman Laws and Administration of Justice— Religion— Calendar— Military and 
Naval Affairs— Weights, Measures, and Coins— Private Life of the Romans— Com- 
prehensive Index. 

" This oompaet and complete M&nual compriaes all the results of modem improred scholarship 
within a modern compass. The divisions and sab-divisions are admirably drawn, and plainly 
marked out. with headings printed In such a type as to catch the eye at once Pictorial illus- 
trations are given whenever tlaey are wanted, authorities are fireely cited at the bottom of the 
page, and an exoelient index is found at the end of the book."— ^<A«n<BHm. 

" TUs is one of the many valuable volumes now issuing ftom the press, as portions of the new 
edition of that elaborate and oompehensive work, the ' Sntryclopasdia Metropolitana.' Professor 
Ramsay has here produced, within a moderate and useable compass, a singularly perfect and 
complete manual of all that has been accumulated by a long succession of writers, touchiug the 
national character and peculiarities, the laws, literature, language, manners, and habits of tbe 
ancient Romans, with a general view of their antiquities, civil and sacred, their mixed oriirin, and 
the topography of the ancient city of republican Rome. The volume is profUsely illustrated with 
engravings on wood of every thing remarkable which can throw light upon the subtject." — &lus- 
gow dtiten. 

" This volume is one of which it would be difficult to over-estimate the value. It presents in a 
clear and concise form a body of information on tbe topography, tbe manners and customs, on 
the religious, civil, and military institutions and ceremonies of ancient Rome. There is no sub- 
ject left unexplained, and tlie arrangement of the various matters under the several chapters 
Bsakes this volume exceedingly easy of reference. We heartily recommend this work to public 
attention ; and before we conclude our very hasty notice, we have to add that the volume; which 
is beautifully got up, and well printed, is profusely illustrated with excellently drawn wood-cuts 
from ancient coins, gems, bronzes, and other genuine relics of the ancient time of Rome, when 
she called herself mistress of the yrorid."—Olcugow Htrald. 

" While this volume will be invaluable to the youthful classical student, it is in reality a most 
agreeable companion, as a mere library book, for those of more advanced age, who wul find it 
pleasant and profitable reading."— OtoJ^ow Cowritr. 

"We have examined the work with considerable attention, and can give it our warmest com- 
mendation. In accuracy of scholarship, in clearness of arrangement. In iiilness of information, 
it is all that can be desired. The best modem writers on each deptutment of tbe sul^ect are 
cited : the most important references to the classical authors are given at the foot of the page : 
and the whole work is enlivened and illustrated by numerous wood-cuts taken from antique ob- 
jects. The Manual will serve as an excellent introduction to the study of Roman Antiquities."— 
JAUrary OatetU. 

" ¥ax from being a mere class-book, this work should be in every llbrarr where ancient history 
holds a place It is a vast improvement upoh Adam's well-known work, and will be a lasting 
monument of the classical acquirements ana taste of tbe esteemed eMtlux."—8eotti8h Chuirdian. 

" We can truly say that it meets the wants of the present day, which no other work of the kind 
does ; and we trust that it will forthwith become a general class book in our coUeges and gram- 
mar schools."— Witness. 



Vol. XIII., price 12s. 6d., cloth lettered, 

A MANUAL of BOTANY, beinff an Introdaction to the Study of the 
STRUCTURE, PHYSIOLOGY, and CLASSIFICATION of PLANTS. 
By John Hutton Balfour, M.D., F.L.S., F.B.S.E., Professor of 
Medicine and Botany in the University of Edinburgh. With numer- 
ous Illustrations. 

CosTBNTS —Vegetable Anatomy, Organography, and Physiology.— Systematic 
Botany, or the Classiflcation of rlants. — Systems of Classification,— Geographical 
Botany,— Fossil Botany. — Use of the Microscope.- Collecting Plants —Index. 

" Besides a comprehensive view of all the departments of Botany, the important application of 
the science to agriculture has obtained its due share of consideration, and tbe works of laebie, 
Mulder, and our own JTobnston, have Airnished valuable matter for this purpose. The volume Is 
copiously illustrated with cuts, and a fine tone of reli^^ous feeling runs through and consecrates 
the whole." ^LUtrary Oaxette. 

" We here record it as our belief that ' Balfour's Manual ' is the most complete work in tlie 
Knglish language."— iVortA Britiah AgrietUturitt. 

" For a mass of valuable and interesting information— as a monument of industry and research 
—we can hardly speak too highly of the -Manual of Botany.' "— Weekly A'tw$. 
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Balfour's Botany, continued. 

" This is the best introduction, beyond all compaiiaon, which has yet appeared, to the most 
dellgrhtful of aU sdenoes."— AbrA Srttiah MedL 

" The book of Dr. Balfour is a Tery complete one, much more so than the generality of elemen* 
tary books. The chapters devoted to the structure of plants are particularly well done.**— .^titu. 

" Dr. Balfour's ' Manual of Botany ' is entitled to great praise, for the clear and oompcehi»isiTe 
manner In which he has presented the student with this most serviceable IntitMluction to tbs 
Micnce. The work is admirably arranged.**— B«i»tiey'« Moffcuine. 

" An elementary book of this Und has long been wanted. . . . Thanks to the talent ot a 
zealous and accomplished botanist and excellent teacher, and the enterprise of a publishing llim 
long Identified with the interests of science, the elements of all these departments of the study 
are embodied within the ^lan of the present work, which is as remarkaJble fin* comfwehenaiTeness 
as fur cheapness **— >S«om«A Chuardian. 

" We can recommend the Tohune as a convenient and pleasant manual to audi of our readers 
as may wish to study the curious phenomena of vegetable me.^—Seotaman. 

"It is not a mere system i It is a philosophy of botany, to which the systematic part serves 
subordinately the office of an index. . . . Whoever wants to know all the rest witn the least 
jiossible trouble, within the most limited extent of verbiage, and without absolutely a single grain 
uf humbug, will not fail to consult Professor Balfour's model Manual of Botany .**—7W<'s Jfo^. 

" Perhaps the most masterly digest of the science which has yet appeared, and, at the same 

time, one of the most readable Professor Balfour's Manual will be found of peculiar value. 

To an amaxing amount of fact, condensed into rather more than six hundred cloeely-printed 
pages, and illustrated by more than eight hundred wood*cuts, it adds the higher philoeophy of 
the science. It is the work of a man to whom botany has been the passion and study of a fifo- 
time ! and who. to an intimate acquaintance with what had been previously known, adds much 
that has been the result of original observation."— Witittu. 



Vol. XIV., price 3s. 6d., cloth lettered, 

A HANUAL of ELEGTRO-UETALLUBGY, includhig the Applica- 

TIONS OF THE ART TO MANUFACTURINGPUBPOSES. Bv 
James Napier, F.C.S. Second Edition, revised and enlarged. Witk 
numerous Illustrations. 
History of the Art of Electro-Metallnrpj'.— Description of Galvanic Batteries.— 
Electrotype Processes.— Bronzing.— Deposition of Metals.— Electro-Plating, Electro- 
Gilding, &C. 

" From the experience which Mr. Napier has had in the practice of electrotype, few men are 
better qualified to write a treatise on the art. He has raroduced a book In which every manipula- 



tory detail is clearly described. With this book at hand we do not think it wotdd be poe^hlfe for 
any one to fail in obtaining satisfactory results. The utility of the electrotype has almost 
it from the circle of science, and placed it in that of manufacture.**— .^rt Unton JottmaL 



any one to fail in obtaining satisfactory results. The utility of the electrotype has almost rMnoved 
rom the circle of science, and placed it in that of manufacture.**— .^rt Unton JottmaL 
It is by far the most comprehensive treatise which has been yet published. "—Critic. 



Vol. XV., price 9s., cloth lettered, 

HISTOBT of 6SEECE. From its Earliest Secords to the Close of 

the Peloponnesian War. Bv the Hon. Sir T. N. Talfourd, D.C.L. ; 
the Bev. J. B. Ottlev, M.A., late Fellow of Oriel College, Oxford ; 
J. T. Rutt, Esq.; and E. Pococke, Esq. With numerous Illustra- 
tions. 
Preliminary View of the Influence of Mythology over the early Greeka — Oracles, 
Mysteries, Festivals, and National Games— Oriental Sources of Greek Mytiiology.— 
Popular Legends of the Gods.— Legends of Heroes — Sketch of the Geography <rf 
Greece. — Early History of the Peloiwnnesian States.— Athens and other Greek 
States.— The Persian War.— Supremacy of Athens.— Alcibiades.— Recapitulation.— 
Social Condition of the Ancient Greeks.— Early Sculptors of Greece.— Early Painters 
of Greece.— Chronological Tables. 

" The ' Early History of Greece ' appears under the care of Mr. Pooocke, and includes TaUbuitPs 
life of Alcibiades, and his beautiful papers on the Grecian painters and sculptors ; Mr. Ottley*B 
amusing account of the social life of the ancients : and Mr. Butt's lives of I^curgus, Draco, and 
Solon. The engravinf^s, which are of the first order , are one hundred and forty in number. We 
can only, in conclusion, express our gratification that the ' Encyclopaedia Metropolitana* has 
fallen into the hands of men able and willing to make not only the most but the best of its capa. 
bilities : for under no other circumstances could such a volume as this be offered to the public 
under double the price.'*— fIrpreM. 

" The book is altogether a gem, and for the fiunily library, or for presents to young mea, there 
has seldom been sucn a volume offered to the public at so low a price."— GVoj^ow Citisen. 

" Uch as the volume (particularly the portions detailing history and home life) is in interast,we 
take the pafres devoted to the or jtcles. mysteries, games, and legends of Greece to be, perhaps, the 
most charming and attractive in the book. It is not only that they are marked by a most grace, 
fbl as well as profound ability, but that they are remarkable for their novdty and originality 
Church and StaU Gazette. 
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Vol. XVI., price Ss., doth lettered, 

FHOTOQBAFHT. A Treatise on the Chemical changes produced by- 
Solar Radiation, and the Production of Pictures from Nature by 
the Dagueireotjme, Calotype, and other Photographic Processes. By 
Robert Hunt, Esq., Professor of Mechanical Science in the Museum 
of Practical Geology. With numerous Illustratioiis. 

Early History of Photography.— General Remarks on Solar Agency.— Selection of 
Paper.— Modes of Manlpiflation.— Apparatus for Vapour Process— Fhdng the Pic- 
tures.— Talbot's Processes.— Glass Process.— Herschel's Processes.— Daguerreotype 
Theory.— Thermography. 

" It contaiiu an immense amount of information on the suljgect. wliich miwt prove of infinite 
service to those engased in the pursuit of this most entertaining science. It is a complete liistory 
of Photography in all its Taried ramifications and processes, and is pubUshed at so cheap a rate as 
to come within the reach of ail who can afford to make it a study ."—^rt Jommal. 



Vol. XVII., price 3s., cloth lettered, 

VETEBINABY ART. A Practical Treatise on Diseases of the 

HORSE. By W. C. Spooner, Esq. Illustrated by Engravings. 

Introduction.- Anatomy and Physiology of the Horse.— General Principles by 
which the Diseases of the Horse are to be combated and overcome. — Diseases of the 
Chest and Passage.— The Abdominal Viscera and Brain.— Spedflc Diseases.— Local 
Diseases. — Index. 



Vol. XVIIL, price 8s., doth lettered, 

EABLY OBIENTAL HISTOBY: comprising the Histories of Egypt, 

Assyria, Persia, Lydia, Phrygia, and Phoenicia, &c Edited by the 
Rev. Professor Eadie, D.D., L.L.D., F.S.A., Professor of Biblical 
Literature to the United Presbyterian Church. With Illustrations 
from the most authentic sources. 

Introduction.— E^rpt—Geography.-Topography.-Historv, Political and Social. 
— Assyria.— Geography and History.-Nlneveh.— Babylon — Persia.- Geography.- 
Topography.— Soci^ and Political History.— Phiygia, Political and Social History.— 
Phoenicia, Political and Social History.— Chronology and Index. 

" We sincerely congratulate the editor. Dr. Sadie, on the success with which he has accom- 
plished his task. He has done much for the cause of sacred literature, and this edition of the 
' Early Oriental History' is not the least important part of his many labours."— fTilMM. 

'• This is one of the Tolumes of the new edition of the ' Bncydopsdia Metropolitana,' which is 
at present in course of publication- When we opened it, it was with the impression that it would 
be an elaborate treatise on these ancient kingdoms of the Sast ; having ample materials, indeed, 
for the pains-taking student, but possessing Uttle to interest the general reader. We were, how- 
ever, speedily undeceived. It is as far as possible removed from the dull monotony and heavy 
writing of the Dryasdust school It is a line combination of laborious research and of animated 
oompositk>n."— AMCmow. 

" The results of the many recent discoveries have been embodied, and, indeed, the entire work 
appears to have been re-written. It should be understood that this ia not a dry, formal history, 
very learned, but very dull i it comprises the ge<»raphy of the various countries, descriptions of 
their monumental antiquities, and illustrations of their social life, thehr arts and science. . . . 
Besides all these recommendations to the reader, the volume is copiously illustrated with engrav- 
ings of the antiquities of the nations whose history is recorded, and a careM chronology and 
copious index make it valuable for reference, as its composition renders it attractive for present 
reading. It should be added to all school libraries and literary institutions. The book clubs will 
have it, of course."— OMc. 

" The volume contains the early annals of Xgypt, Nineveh, Babylon. Persia. I^ia, Phrygia, 
and Phoenicia. The chief d^ect nas been to present an accurate and popular history of these 
nations, with special descriptions of their antiquities, religion, language, customs, and other 
subjects of their internal as well as their general history. The best authorities have been con- 
suited and used in the preparatton of the work— such as Heeren, Wilkinson, Lepiius, Champol 
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Vol. XIX., price 8a. Bd., oloth letterea, 

HISTOBT ot the BOIUN BEPUBIIC. From the EarlUrt Beoorda 
to the Doadi of Sylla. In Three Diviaiona. By the law Rev. 
ThokiiB Aknold, D.D., of Rngbj; the Be^. J. H. B. Mountain, 
D.D., rrebendary of Lincoln ; the Rev, G. C. RknodjIRD, B.D, 
FeUow of Sidney-Snjeei College, Cambriiigfi; the ttiiht Rov. M. 
EussELL, D.C.L., LL.D,, Bishop of GlasKow; and 
- •- ~ ^ D.C.L. "'■ ' ' " ' 



Thomas Noon Tilfoukti, D.C.L. Edited by E. Pocockb, Esq. 
With aa Introduotory DisBortation on the Credibility of Earlv Roman 
HisWiy, by the late Rev. Thomis Abkold, D.D. 



InCroioclory DlsBertatton.— LagendMy History of Rome —The Republic, L. J. 
Braliu, Corioluim, Ondnnanu, cWlIlM.— Sunnlte Wsra — IMonjBli».— HmmUcar. 
HMinllMl— Pnnlc Wm.— The Ora«bL-SjIl».-Hlthrid»les.-Andei« Spmn.— 
Chroiwliin aDd Index, 
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Eifltory of the Boman Bepnblic, continued. 

day. . . . . The volume la illuBtrated with wood-engrarings, preaentinfir • series of pictorial 
historic memoranda, usefUl and interesting. As a prize for the ingenious alumni of our schools 
and seminaries, or for a Christmas present to young persons, a more appropriate volume is rarely 
offered to the public at so comparauvely low a pcico."— Glasgow Citizen. 

The entire Roman History, to the fall of the Western Empire, will be 

comprised in Three Volumes. 



Vol. XX., price 7s. 6d., doth lettered, 

BIBLICAL ANTIQUITIES. With some collateral subjects, including 
the Language, (jeography, and Early History of Palestine, by b\ A. 
Cox, D.D,y LL.D.J with Maps and numerous Engravings. 

Nature and Design of the Jewish Economy.— On the Hebrew Language and 
Literature.— Manners and Customs of the Israehtes. — Religion —Civil Pohty. — 
Domestic Life.— Distribution of Time.— Ordinary Pursuit.— Tabernacle in the Wil- 
demeas.— Temple of Solomon.— Jewish Synagogues.— Sabbath —Early Possessors of 
Canaan.— PoUtical and Physical Geography of Canaan. Natural Histoiy.- Modem 
Judaism. — Sects.- Chronology and Index. 

" A singularly able and interesting volume, full of inibrmatioQ, careftilly arranged and con- 
densed ^—Glasgow Citisen. 

" The present volume of the re-issue of the Encycloptedia Metropolitana. is one of solid learning 
and agreeable information, compiled with accuracy and skill, written with a vivacity and clear- 
ness wiiich render a sutgect entertaining that otherwise would be instructively dull. Ihe iUu»- 
trations are numerous and of great service. A good index is added."— X<a<2«r. 

" Not only on Biblical antiquities, but also on the Hebrew langua^ and institutions, and 
modem Judaism, a variety and amount of information are presented m Dr. Cox's work which 
will not be found in any other single volume on these sul^ects."— i<ttorary Oaxette. 

" This is one of the series of the New Cabinet Edition of the ' Bncyclopadia Uetropdlitana, * 
various volumes of wbich, as they appeared, we have had occasion to commend so highly. This 
is not the least valuable of them. The articles contributed by Dr. Cox to the ' Encyclopaedia' on 
the sulyect of Biblical Antiquities, are here collected in the form of a continuous treatise, with 
the additiou of all the new knowledge that has been obtained by recent researches, so as to bring 
down the information to the present time."— Oritie. 

" This volume constitutes one of the valuable series now being issued in the form of the second 
edition of the Encyclopaedia Metropolitana. It furnishes us with the results of the most recent 
investigations in this most important field of Biblical inquiry. Nearly two hundred well-executed 
woodcuts add very greatly to the utility of the book, which, for its condensed comprehensiveness, 
is the best, as it certainly is the most readable on the subject in our language. Chronological 
tables and an index enhance the worth of the volume." — HapUat juagatine. 

" The substance and the spirit of the best writings on the subject, ancient and modem." — 
JSeotHsh (xxMrdttm. 

" The volmoe cannot faU to be very popular."— J^van^«{ieaJ Magtuine. 

"Tbebestsourcesof information have been consulted and used vrith much skill. . . . The 
volume iB exact, comprehensive, and interesting, one wtdch it must be a great satisfaction to the 
writer to have produced, which the critic must commend as the fruit of much diligent labour 
^ided by good taste and judgment, and wbich every intelligent reader of the Bible will, we are 
persuaded, thank us for introducing to liis notice. It is the moet complete ajad elegant manual of 
Kblical antiquities with which we are acquainted.**— ^iefeotio Review. 

" We have seen many works on the same subject, but we cannot mention one so comprehen~ 
sive, complete, and well-digested as MiiB.**—Evangelioal Christendom. 

" This is by far the most complete and tastefully got up work on the suttject that has appeared.** 
— Chrittian Witness. 



VoL XXI., price 12s. 6d., cloth lettered, 

SCETALLUBGY: A Practical Treatise on the Chemistry of the 
METALS. By John Abtuur Phillips, Esq., F.C.S. Illustrated 
by nearly two hundred Engravings. 

Physical and Chemical Proi>erties of the Metals, and their Alloys, Salts, and other 
Compounds. — State in which the Metals are found in nature. — ^Properties by which 
Minerals are discriminated.— Crystallography.— Constitution of the external crust 
of the Earth.— Principal kinds of Bocks.--Strata that contain Ores.— Localities in 
which the principal Ores are found.— Description of the most important Ores of 
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Metallurgy, continued, 

each Metal. — Chief operations of Mining.— The mechanical preparation of Ores pre- 
▼ions to Smelting.— Fuel and its Economt.— Wood, Peat, Lignite, Coal, and ^ 
Anthracite, Pkeparkd Fuels— Charcoal, Peat Charcoal, Coke.— The Ajssay Gl 
Fuels —Estimation of their comparative value.— Furnace Materials.— Metau.ub6t 
Propek— Iron, Copper, Cobalt, Nickel, Tin, Zinc, Anttanony, Bismuth, Mercury, 
Lead, Silver, Gold, Platinum.— The Processes which relate to the useful Metals 
smelted in Great Britain, and those reirarding the Crustiing, Washing, Amalgama- 
tion, and Assaying of Grold and Silver Ores, are given in considerable detail. — The 
important subject of Assayino is treated of ftdly and practically. 

" Thii Manual h a highly Taluable addition to our icientiflc literature, and win tend to inereaae 
the author's already extended reputation as a metallurgie chemist The worli ooodsts of about 
0OO pages, and is copiously illustrated with well.execttted woodcutt, which materially aid in ren- 
dering the description of ftimaces. Ac. intelligible to all readers."— .^tAwonon. 

" No publication has yet appeared in the EngHsh language taking so oomprehensiTe a view of 
every detail connected with Mining and Smelting the various metallic minerals. It appears to 
us to All up a long-standing hiatus In the history of. and instruction in, mineralogi<»l chemistry , 
and while it is sufficiently elementary to be understood by the young student, it is thoroogfaly 
practical, and erudite enough to form a standard work of reference for valuable information by 
the metallic chemical practiuoner and assayer. The whole \» admirablv illustrated by well-exe- 
cuted <fiagrams. The type and paper are of the first order, and nothing appears to us to be 
wanting to rendor the work a riiw ^ua non to every metallurgist, whether practically engaged in 
the laboratory or at ftimaoe operattons, or the theoretic stu&nt and those attached to the applied 
sciences."— JftMN^ JomjuA. 

" We can confidently commend this volume to all whom its sulgect Interests." — GHffe. 

' ' A most complete and practical Manual of Metallurgie science and art." — lAUrarf Oaxetu. 

" We can strongly recommend this book as the work of a thoroughly practical sdenttflc man." 
— ArUJoumaL 



Vol. XXII., price 4s., cloth lettered, 

HI8T0BY of fhe GHBISTIAH CHUBGH in fhe SECOND and TKIBD 

CENTURIES ; including a Biographical and Critical Accoimt of the 
Ecclesiastical Writers and Heretics of that Period. By Jambs Amibaux 
Jeremie, D.D., Regius Professor of Divinity, Cambridge. 



VolnmeB of the Eneyelopedia Uetropolitana in Active Preparation. 

A HISTORY OF BOHAN UTESATTTBE. By the late Dr. Arnold, 
Rev. Henry Thompson, M.A., Rev. J. H. Newman, D.D., the Bev. 
J. M. Neale, and other Contributors. 

HISTOBY OF THE BOHAN EUFIBE. By the late Dr. Arnold of 

Rugby, Right Rev. Bishop Russell, Rev. J. B. Ottlet, M.A., and 
other Contributors. With numerous Illustrations. 

HISTOBY OF GBEEGE AND MACEDONIA. History of Greece from 

the Age of Xenophon to the Absorption of Greece in the Boman 
Empire, including the Age of Alexander the Great. By William 
Roe Lyall, D.D., Rev. J. H. B. Mountain, D.D., Rev. G. C. Rbnou- 
ARD, B.D., and others. Illustrated by numerous Engravings. 
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IMPORTANT DISCOVERIES IN THE EARLY HISTORY OF THE WORLD. 

INDIA IN OBEECE: or Trntli in Mythology. By E. Fococke, Esq. 
Illustrated by Maps of India and Greece, post 8vo. Price 12s. doth. 

Contents— The Colonization of Greece, Palestine, and Egypt, by Indian Tribes 
from the Pnnjab, Cashmir, Thibet, and the Himalayan Momitains; the Tartarian 
and Rajpoot Tribes in Egypt and JPalestine; the Greek Mythology rendered plain 
History upon Geographical evidence ; Crishna, the Hindoo Chiel^ the same as the 
Apollo of Delphi; Cadmos, a Bndhist Missionary; the Wars of the Grand Lama in 
Greece; Repression of the Solar Worship ; the Nomenclature of the Ancient Geo- 
graphy of Hellas, shown to be Sanscrit in Greek disguise. Maps of Greece and India 
demonstrate the Parent States and their Hellenic Settlements. 

" We never met with a volume in which there waa 80 much of bold assertion, cleverly sustained 
by startling proo£ We have all been tolerably familiar with a conviction of the national unity of 
B^rypt. Greece, and India; but no one has yet so satisfactorily settled this question as Mr. 
Pocoeke. He has hit upon an intellectual California, and his ' diggins* are auriferous."— &«ntf«- 
man,'$ Magasine. 

" The name of Pocoeke is auspicious on the part of a writer on eastern antiquities ; and, sooth 
to say, this is a very remarkable book. It aims at proving that Oreece was colonized firom India. 
We are not prepared to assent with perfect confidence to this conclusion, but we freely admit that 
Mr. Pocoeke has distinctly and satisfactorily traced a vast variety of close afianiiies between 
names and places, and also between modes of thinking, in the two countries . . . For some 
time past, scholars have been well aware that there subsist very striking aflSnities between the 
Sanscrit and Greek languages. But it remained for Mr. Pocoeke to systematize the whole sub- 
ject—and this he has done, with occasional extravagance, and with a tendency, here and there, 
to unwarrantable docmatisni, but with great learning, with gushing enthusiasm, and with very 
considerable sacceu? '—Bcottith Ouardian. 

" This is a work of prodigious industry and research, bold and ori^nal in its views and specula- 
tions, and daringly startling in its range of inquiry and prehistoric mvestigation. The author is 
well known as an accompliuied oriental scboUur, and whether, in the estimation of the learned, 
he may t)e considered to nave established his general theory or not, the work claims an earnest 
and respectful attention."— Otasgow Citizen. 

" Like the cUscovery of America by Oolumbufl, now that it is known, people marvel that the 
western continent was not sooner found. So it is with Mr. Pocoeke and his investigations into the 
origin of the Greeks and their mythology, and the Hebrews and their country ; we can only 
wonder that their common parentage was not sooner discovered."— iVor<A Brttish Mail. 

" The whole of the chapters on Budhism are admirably written, replete with tlie most intense 
interest. The satisfactory dispersings of old and impenetrable mists, is something quite marvel- 
lous and mirthftil. We regret that we cannot reproduce the sparklinjg pages, which show the 
corrupt forms in the Romish worship are but old Lamaic and Budhistic lorms. When we add 
that Mr. Pocoeke takes nearly every name of note in Grecian history— that he shows for nearly 
every locality in Greece a locality correspondingly named in India, possessing: people of corres- 
ponding manners and religion— we surely have said enough to demonstrate that the book must 
be, what it really is— a rich and welcome addition to the library of every thinking man. We 
know of no work that has appeared within oiu: recollection, so likely to set men thinking as the 
one before us."— CAurcAona 8taU QasetU. 

" Therefore we recommend Mr. Pococke's volume to the curious student as one of interest and 
erudition] if it fail to gain converts, if it excites many a smile, on the other hand it will suggest 
thought and amuse the scholar."— X«<u{«r. 

" No one, after the perusal of Mr. Pococke's work, can doubt the substantial truth of his theory. 
Some of his facts and illiistrations may be regarded as open to ol^ection, but the historical value 
of his discoveries is placed beyond question. The whole of our ancient history will require to be 
re-writte~i. A new meaning must henceforth be attached to the word mythology. The old idea 
has no existence in fact. Not only will this discovery effect an entire revolution in the narrative 
of ancient history, but a new element is introduced into the very phUosophy of history itself. Now 
that the discovery is noade, one wonders that it has been unknown for so many ages. What piles 
of erudite literature, extending over a period of little less than 8000 years, is consigned to the old 
curiosity shop by the magic wand of Mr. Pocoeke!"— Mtnes«. 

" We have already said that we are not satisfied with the evidence on which we are invited to 
accept Mr. Pococke's conclusion altogether, at the same time we must admit the existence of mucli 
that makes bis reasoning plausible."— Critic. 

" We do not well know how to characterize the work before us. The wide range of time and 
sulgect which it embraces, and the multiplicity of illustrations ethnological, philological, and 
geographical, connects it with all these sciences, but does not identify it as belonging exclusively to 
either of them. But though we cannot condescend upon its proper place in the national litera- 
ture, we have no difficulty in assignfaig it a high position as an elaborate and profound treatise 
upon a Bul^ect which has occupied the thoughts and the pens of some of the most eminent scholars 
In our own and past tho0B."—Ol{ugow HercUd. 

" We are not disposed to give implicit credit to all Mr. Pococke's coi^ectures, nor do we think 
he has been Invariably successful in tracing etymological affinities { but of this we feel assured 
that his main propositions are true : — that Europe owes its present race of inhabitants, either to 
India or some country in the immediate neighbourhood— that the names of places and of mythical 
and heroic personages may be mostly explidned through the Sanscrit— and that the classic Greek 
and Roman mythology, as well as the earlier systems of Egypt, Phoenicia, Chaldea, and Struria, 
and those of the Celts, Teutons, and Scandinavians, are not pure childish £al>les, as some have 
boldly asserted, nor natural philosophy allegorized, as others have laboured to show, but histonr 
enveloped in a mythic cloud, eventually, perhaps soon, to be dissipated. "—AiortA cmd Scvth Shields 
Ocuette. 
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PROFESSOR EADIE'S WORKS. 

BIBLICAL CYCLOFSDIA.: A Complete Dictionaiy of the Holy Scrip- 
tures, containing full Explanations and Descriptions of Eastern Anti- 
qnities, Biography, Manners and Gostoms, Geography, Literature, 
Theology, &c &c. By the Rkv. Johk Eadib, D.D., LL.D., Professor 
of Biblical Literature to the United Presbyterian Church. Illus- 
trated with nearly Two Hundred Engravings and Four Maps, post 8to, 
containing as much matter as three ordinary 8yos. Cloth, 10s. 6d. 

•• This Ant-mte B&dieal CydopsdlA.**— Jf«P»«a. 

" We give it our mosi eordUl mad unhealtatiDg Teoa mm enAatioa.^—JEvcmg'^'edl Magaxme. 

•' It is A Publication of extraordinary merit. ... We hare a number of Dictionaries of this 
. sort, adapted to Sunday Schools, tiut this greatly oat-distances than.*— BrMsJk Bomha-. 

" It is the best Dictionary of the kind we bare yet woeaJ'—tfomcomforntiMt, r 

' ' Fitted to meet the wants of the present day."— />«Niii (Jkrittum Esam m tr. 

" Tlw book is a really frood one— rich in sound and uaeftil matt«r, neatly printed, and of a nice 
manageable sixe." — SeoUitk Omardian. 

" Altogether we eonsider Dr. Eadie's Wock one of the highest merit in its own d^artment of 
literatuTO."— Abrffc BntiA Mail. 

" Dr. Eadte manifests bis possessinn of the happy art of saying enough ibr his oinect and w* 
iHort. . . . ^or a student wbo. bowerer he may long to have a Ubntty, is forced to content 
himself with a book-ihetf, or for an emigrant, whose eflbrt is to compress within the snaa11e«it 
practicable space the greatest quantity of the materials for 8elf-impro%ement.this is a thuamna.'' 
— Watekmem ( WesUgan.) 

. . The result is a very copious, well-digesied. well-arranged work . . . The private 
Christian, the Sabbath-school teacner. and even the minister, will find it a most pleasant, accu- 
rate, and helpful repository."— jFree Chmrch Magaxme. 

" It will prove a treasure to Sabbath-school teachers."— DnUed FttabgterioM Magazme. 

COMPLETE COKCOBDANCE to the OLB and NEW TESTAMENTS, 

on the Basis of Cruden. Edited by the Rev. John Eadie, D.D., 
lLd., Professor of Biblical Literature to the United Presbyterian 
Church, With Introduction, by Rev. Dr. King. Post 8vo, cloth, 5s. 

BICnONART of the HOLY BIBLE, for the Use of Yonng Persons. 

Edited by the Rev. John Eadie, D.D., LL.D , Professor of Biblical 
Literature to the United Presbyterian Church. Numerous Illustra- 
tions, 18mo, bound, 3s. 6d. 

" A most useflil compendram of Bible lore." — Ab€rdeen Btauur. 

• • We can assure our readers that the editor has to the letter fulfilled the promises of his plain- 
spealilng preface, and has wrought a book that will be serviceable to youtbfiil students in a 
double sense ; for it will make interesting and attractive studies which are generally unaccept- 
able, and. at the same time, it elucidates and simplifies that which is too often r^eeted. becau>e, 
firom the mode in which it is presented to the youtbfU mind, it appears obtrusive and repulsive. 
Parents and tutors will unanonously thank the author for this result of a labour of love."— CVtlM. 

" A very good and useful compilation for youth, done from the BiltUetU Cjfdopadia. There are 
a number of wood-cuts which add to the interest, by illustrating to the right the physical crt^jects 
mentioned in the Scriptures."— Xiterary OasetU. 

" A very useful tiook for junior teachers, senior scholars, and Bible classes. We recommend it 
very earnestly as the best pocket Bible dictionary we have seen."- .Bti>/« CUus Magasine. 



REV. CHABLES KINGSLEY. 

SERMONS ON NATIONAL 8TTBJEGTS. By the Bev. Chas. Einirsley, 

Canon of Middlehara, Yorkshire, and Rector of Eversley, Hants, 
Author of Yeast, Alton Locke, &c., foolscap 8vo, 5s. cloth. 

" Marked by the originality of thought and force of utterance which characterise all this 
author's writings. . . . The principles brought out in regard to national duties and responsi- 
bilities, rewards and punishments, are worthy of the attention of all thoughtful men." Xtteraiv 

OtuttU, Ma^ 29. ' 
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POPULAR INTRODUCTION TO THE NATURAL AND PHYSICAL SCIENCES. 

THE BOOK OF NATTJBE: An Elementary Introdnctdon to the 

Sciences of Physics, Astronomy, Chemistiy, Mineralogy, Geology, 
Botany, Zoologr, and Physiology. By Professor Schoedleb, and 
H. Medlock, F.C.S. With an Index of 5000 References. Post 8vo, 
600 pages, with nearly 600 wood-cuts, cloth, 10s. 6d. 

Also, separately, 

THE PHYSICAL SCIENCES, 313 Cuts, 5s. 
THE NATURAL SCIENCES, 333 Cuts, 58. 6d. 

" Written with remarkable clearness, and scmpulously correct in its detaili.^— Mining Journal. 

" Dr. Schoedler's work, as described hj Liebig, is at once the most useful and beautiftd book of 
the class to which it belongs. It is a valuable addition to our scientiflc literature- The wood- 
cuts and illustrations are numerous and remarkably well executed."— ^AMiomist. 

' ' The most complete and copious vidimus of the sdenoes that has ever been oflSared to the public 
in a form so useable and cbBa,-p.*'—OkuffOw CitUnn. 

" It is utterly imposrible, in the space we have at command, to make our readers acquainted 
with the fall value of this admirable volume."— Otos^ow Serald. 

" His ezpositionB are most lucid. There are few who will not follow Um with pleasure as well 
as wRh profit through his masterly exposition of the principles and primary laws of science. It 
should certainly be made a class book in schools."— Otti«. 

The above work in Pakts for use in Schools. 

£LEUENTABT TBEATISES on the NATURAL and PHTSICAL 
SCIENCES. By Frederick Schoedler, Ph. D., Professor of the 
Natural Sciences at Worms, and formerly Assistant in the Chemical 
Laboratory of Giessen. Edited by Henry Medlock, F.C.S., Senior 
Assistant in the Royal College of Chemistry. 

1. NATURAL PHILOSOPHY, with 112 Engravings, 2s. Od. 

2. ASTRONOMY, with 51 Engravings, Is. 6cL 

3. CHEMISTRY, with 50 Engravings, 2s. Od. 

4. MINERALOGY and GEOLOGY, with 128 Engravings, 28. 6d. 

6. BOTANY, with 121 Engravings, Is. 6d. 

a. ZOOLOGY and PHYSIOLOGY, with 84 Engravings, 28. Od 



POPULAR INTRODUCTION TO CHEMISTRY. 

CHEMICAL BEGBEATIONS: A Popular Compendinm of Ezpeii- 
mental Chemistry for the Use of Beginners. By John Joseph 
Griffin, F.C.S. Ninth Edition, with 600 Illustrations, 18mo, 7s. 6d. 
bound. 

AGRICULTURAL CHEMISTRY. 

XECTUBES ON A&BICTTLTITBAL CHEMISTBT. By Sir Humphry 
Davt, Bart., P.R.S., &c. New Edition, with all the Recent Dis- 
coveries of Liebig, &c., by John Shier, LL.D., Agricultural Chemist 
to the Colony of British Guiana, 8vo, 5s. cloth. 



NATURAL HISTORY. 

ILLTTSTBATIONS OF ZOOLO0T: A Series of Ninety Engravings, 
comprehending about a Thousand Figures of Quadrupeds, Birds, Fish, 
Reptiles, Mollusca,^ Insects, Crustacea, Polyps, &c., engraved by J. W. 
Lowry and Thomas Landseer, after Sowerby, Charles Landseer, and 
others. The Descriptions include Selections from Articles contributed 
to the Encyclopaedia Metropohtana, by John Flint South, Esq., 
F.L.S., J. E. Gray, Esq., F.L.S., J. F. Stephen, Esq., F.L.S., F.Z.S., 
and other eminent Naturalists. Imp. 4to, 31s. 6d. cloth, gilt edges. ' 



